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Foreword 


The  Army  aircraft  accident  rata  for  FY  79  waa  5.2  par 
100,000  flying  hour*.  This  ia  the  towaet  rata  for  the  Total 
Army  since  the  beginning  of  a  formal  aviation  accident 
prevention  program  in  1988. 

Thia  ia  a  particularly  significant  accompiahment  conaid- 
aring  that  It  waa  achieved  while  flying  under  raaHatic 
condWona  during  Increaaad  Invoivemant  In  flald  training 

axardaaa. 

Credit  for  thia  fine  record  goaa  to  everyone  In  Army 
aviation  who  anthuaiaaticalty  accepted  and  aupported  the 
aviation  accident  prevention  program. 

Today,  manpower  and  equipment  reaourcae  are 
carefully  budgeted.  Every  loee  due  to  an  aircraft  miehap 
immediately  reducea  the  effectiveneaa  of  our 
combat-ready  force.  Aa  a  conaequence,  afl  aviation 
reeourca  manegera— at  unit,  inataHation,  MACOM,  and 
DA  levels— must  continue  to  aaaign  a  high  priority 


to  the  requirement  to  eliminate  miahape. 

Thia  fourth  annual  report  waa  prepared  to  give  aviation 
reaource  manager*  detailed  information  on  inadequeciee  in 
the  Army  aviation  ayatem  that  cause  or  contribute  to 
miahape. 

Any  further  Improvement  in  the  accident  record  will  be 
directly  related  to  how  well  the  "ieaaona  learned"  in  this 
report  are  applied  during  the  command  decisionmaking 
process  and  day-to-day  unit  operations. 

This  year's  report  has  been  expanded  to  include  an 
analysis  of  FY  79  aircraft  incidents  and  the  mishap  history 
of  aircraft  components  that  failed  since  October  1971. 
Analyses  in  these  areas  clearly  point  up  the  need  to 
broaden  the  scope  of  accident  prevention  programs  to 
include  the  prevention  of  not  only  accidents  but  also 
incidents  and  those  mishaps  that  are  caused  by  failure  of 
low-coat  components. 
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Executive  Summery 


This  report  provides  aviation  raaourca  managers  with  an 
opportunity  to  raviaw,  aaaaaa,  and  laam  from  man  and 
machina  performance  problama  that  ara  part  of  currant 
"real  world"  Army  operations.  It  includes  detailed  iaaaona 
laamad  concaming  man  and  machina  fatturaa  that  cauaa  or 
contributa  to  aircraft  miahapa  and  aviation  ayatam 
Inadequacies  that  cauaa  or  aHow  thaaa  faMuraa  to  occur. 

Tha  78  Army  aircraft  accidanta  reported  and  invaadgatad 
during  fiacal  year  1879  formed  the  data  baae  for  thie  raport. 
Thraa-fourtha  of  thaaa  accidents  occurred  In  utittty  and 
obaarvation  aircraft,  but  cargo  hailcoptara  and  fixed  wing 
aircraft  accounted  for  moat  of  the  dollar  loaaaa.  Needy  al 
of  the  Army  aircraft  aoddanta/fataHtiaa  in  FY  79  ware  In 
utility  and  cargo  type  aircraft.  Obaarvation  aircraft 
accidanta  produced  tha  acoond  largaat  number  of  injuries, 
but  there  wars  no  fotaltisa  In  these  crashes. 

i  wemy-tnree  (XTrarern  ■vwuOfi  vyeen  meoeciueciee 
were  lueuuivcu  in  me  eneryiH.  i  neee  vysnm  meaeQueoee 
were  ranked  acoordna  to  their  overall  level  of  imoortanoo 
for  prevention  In  decreasing  order  baaed  on  a  combination 
of  the  following  aiementa:  frequency  of  occurrence,  dollar 
loaaaa.  aaverity  of  Injury,  and  severity  of  aircraft  damage. 
Tha  top  five  aviation  ayatam  Inadequaciaa  were  (1) 
inadequate  motivational  atataa,  (2)  faulty  Judgment,  (3) 
Improperly  designed  equipment,  (4)  inadequate  unit 
training,  and  16)  Inattention.  Thaaa  general  ayatam 
inadequacy  cateqoriaa  are  operationally  defined  and 
cHacuaeed  In  tha  raport.  Tha  top  five  FY  79  ayatam 
Inadequaciaa  ara  identical  to  thoee  identified  In  FY  79*8 
anaiyaia  (reference  3)  except  for  "Inadequate  unit 
training,"  which  replaced  "Inadequate  written  proce¬ 
dures." 

Prevention  requirements  baaed  on  anaiyaia  of  FY  79  data 
Ml  Into  four  general  areas:  equipment  design,  human 
performance  r  sea  arch/evaluation,  written  guidelines,  and 

iHyiH  IDpfmiQi  upvCfnG  pfwVwlilOn  r®QwirilTranH  TOT  uiWg 

areas  ara  dataHad  In  tha  last  section  of  this  report. 

Three  major  needs  repeated  from  last  year:  (1)  develop¬ 
ment  and  procurement  of  a  helicopter  wire  protection 
system,  (2)  research  of  problems  Involving  aircrew  division 
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or  •utnnoo  Ditwvm  TXQm  auni/iiiii  ounoQ  pmoov  or 
high  workload,  and  (3)  provision  for  adequate  guidance  in 
maintenance  and  field  manuals. 

Additional  requirements  Indtoatad  by  the  raeuita  of  the 
inahMli,  but  not  dbicttv  ralotod  to  iccidont  c bum  ficton. 

oi  navyeref  iasi  iiv%  ssnwHy  wr  ewnioivi  wsrao  * wv e f 

inckidi  th>  foMowtng: 

•  A  multi-year  anaiyaia  study  aimHar  to  this  raport  to 
identify  and  rank  long-term  system  inadequaciaa  and 
prevention  requirements. 

•  An  indepth  anaiyaia  of  each  aircraft  system  and  of 
each  major  system  inadequacy  identified  in  thie  report. 

•  Development/ procurement  of  an  aircraft  flight/craah 
data  recorder. 

•  An  automated  data  ayatam  for  recording  aviator  flight 
activity. 

•  Improved  written  guidelines  on— and  enforcement 
of— tha  requirements  In  AR  9641  for  reporting  aviation 
miahapa. 

An  anaiyaia  of  aircraft  Incidents  Is  In  appendix  G.  Thie 
anaiyaia  highlighted  tha  need  to  make  tha  prevention  of 
thaaa  leas  severe  miahapa  an  Integral  part  of  tha  overall 
mishap  prevention  program.  This  need  has  particularly 
bean  evident  since  1974  whan  NOE  and  other  modes  of 
terrain  flight  became  a  tactical  requirement.  Tha  first  step 
in  preventing  thaaa  miahapa  Is  thorough  Investigation  and 
detailed  reporting  In  compliance  with  AR  96-6. 

Tha  mlahsp  history  of  720  aircraft  parts/components 
that  faded  or  malfunctioned  causing  or  contributing  to 
mishaps  during  FY  79  la  In  appendix  H.  This  analysis 
confirms  tha  need  to  Improve  tha  reliability  and 
maintainability  of  thaaa  parts.  Since  1  October  1971, 
relatively  low-cost  parte  have  accounted  for  64  accidents, 
44  Incidents,  246  forced  landings,  and  6,946  precautionary 
landings. 

In  addition  to  tha  primary  findings,  this  report  provides 
researchers,  designers,  aviation  safety  officers,  and 
aviation  raaourca  managers  at  all  levels  with  tha  capability 
to  easily  extract  and  analyze  those  man  or  machina 
problems  unique  to  a  particular  specialty  area  or  field  of 
concern. 
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Army  aircraft  accidents  are  costly  In  terms  of  lives  lost, 
Injuries,  materiel  losses,  and  mission  degradation.  In  fiscal 
year  79,  aircraft  accidents  killed  18  people.  Injured  GO,  and 
cost  *38.4  mHMon.  Consequently,  it  is  essential  that  the 
"lessons  learned"  from  these  accidents  be  applied  to 
eliminate  inadequacies  in  the  aviation  system,  thereby 
reducing  accidental  losses  and  improving  operational 
reacHnees. 

This  is  the  fourth  annual  report  (references  1,  2,  and  3) 
aimed  at  providing  "lessons  learned"  to  aviation  resource 
managers,  supervisors,  operators,  support  personnel, 
researchers,  designers,  and  others  concerning  the  system 
inadequacies  causing  or  contributing  to  Army  aircraft 
mishaps.  This  report  provides  information  needed  to  better 
understand  the  strengths  and  weaknesses  of  the 
man-machine  relationship  in  daily  operations  and  to 
improve  risk  management. 

Despite  the  rising  costs  of  accidents,  the  Army  aviation 
accident  prevention  program  for  fiscal  79  was  more 
successful  than  previous  years.  The  75  major  and  minor 
accidents  and  the  5.2  accident  rate  per  100,000  flying  hours 
were  the  lowest  in  the  recorded  history  of  Army  aviation. 

DOD  Instruction  1000.19  classifies  aircraft  accidenta 
which  result  in  a  fatality;  or  the  total  destruction  of  the 
aircraft;  or  a  total  cost  of  property  damage,  occupational 
Mnesa,  and  injury  of  $200,000  or  more,  as  Class  A  miahapa. 
Using  this  criteria,  the  Army  had  30  Class  A  mishaps  during 
fiscal  79  and  a  Class  A  mishap  rate  of  2.7  per  100,000  flying 
hours. 

VD|VC«nfOT 

The  primary  objective  of  the  analytical  effort  on  which 
tMe  report  is  baaed  ia  the  same  as  that  of  system  safety 

effectiveness  through  the  conservation  of  aviation 

oeweetian  of  system  Inadequacies.  This  objective  is 
accomptishad  through  an  intensive  five-stage  safety 
management  program  called  ICAFT.  ICAFT  refers  to 
Investigation,  computerization,  analysis,  feedback,  and 
tracking,  h  is  a  closed-loop  approach  to  safety  Intended  to 


identify,  manage,  and  track  aviation  hazards  from  Initial 
occurrence  to  final  elimination.  The  five  stages  of  ICAFT 
are  described  in  appendix  E. 

Intended  Ueee 

This  report  is  intended  to  provide  key  information  to 
aviation  personnel  in  system  safety  programs,  to  make 
Army-level  management  aware  of  aviation  hazards  and 
mishity)  prevention  requirements,  to  identify  and  direct 
research  and  development  requirements  for  current  and 
future  aircraft,  to  determine  areas  of  emphasis  and  need 
for  improvements  in  unit  and  school  training,  to  identify 
inadequacies  and  improvements  needed  In  Army  regula¬ 
tions,  field  manuals,  and  other  written  guidelines  that 
direct  human  behavior,  and  to  provide  feedback  to  unit  and 
command  personnel  regarding  aviation  hazards  and 
suggested  remedies.  This  information  should  increase  the 
aviation  manager's  knowledge  and  awareness  of  current 
problem  areas  In  the  operational  environment,  help  him 
maintain  higher  levels  of  interest  in  aviation  safety,  and 
provide  him  a  tool  in  the  area  of  hazard  prevention. 

This  report  also  provides  aviators,  safety  officers, 
maintenance  personnel,  researchers,  designers,  and  others 
with  the  information  needed  to  review,  assasa,  and  learn 
from  man,  machine,  and  environmental  performance 
problems  that  are  part  of  current  "real  world"  Army 
operations,  and  analyze  those  man  or  machine  perform¬ 
ance  problems  unique  to  a  particular  specialty  area  or  field 
of  concern.  For  example,  those  only  interested  in  a 
particular  type  of  system  inadequacy,  e.g.,  unit  training  or 
improperly  designed  equipment,  can  easily  access  this 
information  for  analysis  by  using  appendices  B  and  E.  If  a 
particular  type  of  aircraft,  e.g.,  UH-1  helicopters,  is  the 
aole  concern,  then  the  data  relevant  to  this  materiel  system 
can  be  quickly  isolated  for  review  in  appendices  C  and  D. 

it  ia  geoersky  accepted  that  funding  for  improvements  in 
aircraft  hardware  and  personnel  training  wHI  be  limited. 
The  increasing  cost  of  more  sophisticated  future  aircraft 
makes  it  imperative  that  these  limited  funds  be  well  spent. 
This  report  is  designed  to  provide  information  to  managers 
at  all  levels  to  help  them  optimize  expenditures. 


A  brief  outAne  of  the  method  used  to  prepare  this  report 
Is  presented  below.  A  more  detailed  explanation  of  the 
method  can  be  found  in  appendix  E. 

Data  Me  was.  Data  uaed  for  this  report  were  obtained 
from  an  analyaie  of  the  reports  on  76  Army  aircraft 
accidents  occurring  in  FY  79.  The  accident  classification, 
fatalMss.  injuries,  and  cost  associated  with  these  accidents 
are  summarized  in  table  1.  Twenty  of  these  accident 
reports,  prepared  by  field  investigation  teams,  contained 
insufficient  information  to  determine  definite  cause 
factors. 


Rlcketson  3W  Approach  -  An  approach  to  accident 
analysis  that  requires  the  identification  of  what  happened 
(fafluree),  what  caused  it  to  happen  (failure  causae),  and 
what  to  do  about  it  with  respect  to  men,  machine,  and 
environmental  cause  factors. 

Human  Error  or  Task  Error  (TE)  -  Job  performance  which 
deviated  from  that  required  by  the  operational  situation 
and  caused  or  contributed  to  an  accident.  Required 
performance  includes  that  stipulated  by  ( 1 )  school  training, 
(2)  on-the-job  training,  (3)  U.S.  Army  regulations  and 
guidelines,  (4)  standing  operating  procedures,  or  (6) 
commonly  accepted  practices.  An  error  is  assigned  only 
when  it  is  judged  that  a  person  of  normal  or  reasonable 
competence  could  have  performed  tire  task  correctly  in  the 
existing  operational  situation. 

System  Inadequacy  (SI)  •  Condition  resulting  from  an 


element  of  the  aviation  system  not  operating  as  intended  or 
designed,  which  caused,  allowed,  or  contributed  to  the 
occurrence  of  a  task  error  or  materiel  failure.  An  aviation 
hazard  consists  of  both  man  and  machine  failures  and  the 
associated  cause  factor. 

Remedial  Measure  (RM)  -  Action  required  to  correct  or  at 
least  reduce  the  operational  impact  of  an  inadequacy.  The 
RM  may  be  directed  at  any  command  level  for 
implementation  and  is  not  restricted  by  current  technology 
or  budgetary,  personnel,  and  equipment  resources. 

Accident  Cost  •  Combination  of  the  dollar  losses  incurred 
as  a  result  of  aircraft  damage,  personnel  injury,  and 
property  damage. 

Hazard  Significance  Level  Analysis  (HSL)  -  A  mathematical 
method  for  ranking  hazards  according  to  their  overall 
importance  for  prevention,  using  a  combination  of  four 
critical  decisionmaking  variables:  frequency  of  occurrence, 
dollar  losses,  severity  of  injury  to  man,  and  severity  of 
hardware  damage. 

Class  A  Aircraft  Mishap  -  A  mishap  in  which  a  fatality 
occurs;  or  the  aircraft  is  totally  destroyed;  or  the  total  cost 
of  property  damage  and  injury  is  $200,000  or  greater. 

Indhridual  Analysis.  As  in  prior  years,  individual 
accidents  were  analyzed  in  accordance  with  the  3W 
requirements  and  the  concepts  and  procedures  outlined  in 
chapter  11,  AR  96-5.  The  method  of  analysis  is  further 
explained  in  appendix  E.  Figure  1  shows  the  process  used  to 
analyze  each  accident. 
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In  this  report,  the  man  and  machine  aspects  of  the 
Ricketson  3W  approach  are  examined  (table  2).  Environ¬ 
mental  factors  are  found  to  be  causative  or  contributing  to 
the  occurrence  of  a  task  error  or  materiel  failure. 

Accidents  in  which  human  errors  were  determined  to  be 
definite  factors  were  subjected  to  a  TEIR  analysis  and 
those  involving  definite  materiel  failure  or  malfunction  were 
subjected  to  a  FIRE  analysis. 

The  models  used  for  the  human  error  accident  and  the 
materiel  failure  /  malfunction  accident  are  shown  in  figures 
t  and  2  of  appendix  E.  Information  from  the  TEIR  and  FIRE 
analyses  was  then  placed  into  a  format  designed  for  ease 
of  data  coding,  computer  processing,  and  use  in  the 
collective  analysis. 

CoMocttve  Analysis.  Figure  2  shows  the  process  by  which 
the  collective  analysis  was  accomplished. 

A  complete  description  of  the  HSL  analysis  is  provided  in 
appendix  E.  The  rationale  and  format  used  to  develop  this 
analysis  were  modeled  after  reference  7,  "System  Safety 
Program  Requirements,"  MH  Standard  682A,  28  June 
1977.  A  study  titled  "Engineering  Analysis  of  Crash  Injury 
in  Army  Aircraft"  (reference  5)  also  employed  the  same 
general  methodology  to  examine  crash  injury  and  aircraft 
crashworthiness. 


Indtvtdual  Hazard  Prevention  Requirements.  Preven¬ 
tion  actions  either  completed  or  in  progreea  to  eliminate  or 
reduce  the  impact  of  a  system  inadequacy  have  been 
identified,  reviewed,  and  integrated  with  the  3W  narratives 
on  a  case-by-case  basis  in  appendix  F.  Consequently, 
appendix  F  is  an  important  safety  tool  in  that  it  provides  the 
following  information  about  each  accident  case: 

•  The  definite  failures  of  man  or  machine. 

•  The  elements  of  the  aviation  system  that  caused  or 
allowed  the  failures. 

•  Suggested  remedial  actions. 

•  Corrective  actions  completed  or  in  progress. 

Codec  thro  Hazard  Prevention  Requirement.  The  last 

step  was  to  identify  the  most  pressing  system  inadequacy 
prevention  requirements.  Selection  of  these  requirements 
was  based  on  the  HSL  analysis  and  the  expertise  of  safety 
personnel  at  the  Army  Safety  Center,  e.g.,  engineers  and 
human  factors  specialists,  investigators,  and  air  safety 
specialists.  Many  of  the  most  effective  remedies  for 
recurring  human-related  problems  are  often  found  in  the 
area  of  improved  equipment  design. 
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AND  REVIE*  OF  ALL 
FY  ACCIDENTS  FOR 
MUCH  A  3*  ANALYSIS 
NAS  CONPLETED. 

1 


IDENTIFICATION  OF 
ALL  HAZARDS 
OCCURRING  IN  FY. 

2 


DETERMINE  FREQUENCY 
OF  OCCURRENCE 
OF  HAZARDS.  3 


DETERMINE  INJURY 
SEVERITY  OF  HAZARDS. 

4 


I 


DETERMINE  AIRCRAFT 
DAMAGE  SEVERITY 
OF  HAZARDS.  S 


DETERMINE  COST  OF 
HAZARDS. 


H 


HAZARD 
SIGNIFICANCE 
LEVEL  ANALYSIS 

(HAZARD  RANKING 
BASED  ON  A 
COMBINATION  OF 
ITEMS  3  THROUGH  S) 
7 


3* 

REPORT 


INTEGRATE  CORRECTIVE  ACTIONS 
TAKEN  OR  IN  PROGRESS  TO  REMEOY 
INDIVIDUAL  HAZARDS. 


IDENTIFY  HAZARD  PREVENTION 
REQUIREMENTS 


PIOURI  Z.  -  Sequence  of  OveraN  Analysts 


■!\y<yr 


A*  noted  tarter,  the  number  of  accidents  (75) 
and  the  accident  rate  15.2)  for  FY  79  were  the  lowest  in  the 
recorded  history  of  Army  aviation.  Two  prevalent  cause 
factors  in  accidents  of  pest  years  were  disorientation/ 
vertigo  end  fMgue/aleep  deprivation.  These  factors  were 
nearly  eliminated  as  cauees  in  fiscal  79  and  the  last  several 
years.  This  indicates  that  "lessons  learned"  are  being 
applied  and  die  strengths  and  weaknesses  of  the 
man-machine  relationship  as  it  affects  Army  operations  are 
becoming  better  understood. 

Most  of  the  aircraft  accident  dollar  losses  ($36.3  million) 
and  injuries/fatafities  (68)  for  FY  79  occurred  in  "total  loss" 
classifications.  This  finding  is  not  surprising;  however,  the 
magnitude  of  losses  (86%)  accounted  for  by  this  accident 
category  is  notable. 

Frequency  of  accidents  and  cost  by  types  of  Army 
aircraft  are  shown  in  figure  3.  Aircraft  types  are  presented 
in  order  of  accident  frequency. 

As  shown  in  figure  3,  two  aircraft  types,  the  utility  and 
observation  helicopters,  accounted  for  most  of  the  Army 
aircraft  accidents  (68%).  However,  most  of  the  dollar 
losses  were  the  result  of  accidents  Involving  cargo 
helicopters  and  fixed  wing  (primarily  OV-1 )  aircraft. 

The  number  of  fatalitieo  and  injuries  by  aircraft  type  are 
shown  in  figure  4.  Aircraft  types  ere  presented  in  order  of 
injury  frequency. 

Utflky,  observation,  and  cargo  helicopters  accounted  for 
the  majority  of  fatalities  and  personnel  injuries.  While 
observation  aircraft  accidents  were  responsible  for  the 
eeoortd  largest  number  of  Injuries,  there  wore  no  fatalities 
in  dteea  craahes.  Utttty  and  cargo  aircraft  accidents 
accounted  for  nearly  ail  (78%)  of  the  FY  79  fataiWee. 


UH  OH  CH  AH  Ff 

FIGURE  4.- FY  79  Injuries  and  FataMas  in  Army  Aircraft 


Hazard  Ranking.  Twenty-three  different  system  inade¬ 
quacies  were  identified  in  the  75  aircraft  accident  reports 
analyzed.  These  inadequacies  were  rank-ordered  using  the 
HSL  analysis  to  determine  their  overall  level  of  importance 
for  remedial  actton(s).  The  results  of  the  analysis  are 
shown  in  table  3.  Inadequacies  are  listed  in  decreasing 
order  of  significance  baaed  on  a  combination  of  four 
variables:  frequency  of  occurrence,  dollar  losses,  severity 
of  injury,  and  severity  of  aircraft  damage.  Methodology  for 
determining  the  meaning  of  the  HSL  indices,  significance 
grouping,  and  cost  determination  can  be  found  In  appendix 
i.  For  Instance,  Index  "B"  refers  to  the  number  of  times  a 
system  Inadequacy  was  identified  In  accidents.  "I" 
Indicates  "life  threatening"  Iqjury  severity  level,  end  "a" 
refers  to  the  aircraft  damage  severity  level  of  "total  loaa." 
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Top  Rve  ipom  tafcpwha.  A  general  diacuaeion  of 
the  top  five  ayetem  inedequedee  Identified  In  the  HSU 
analyaia  ie  preaented  In  thia  aection.  Each  of  the  ayatem 
inadequacy  categoriea  la  operationally  defined  and 
diecueaed  accordng  to  the  ranking  or  priority  ahown  In 
table  3.  Mpre  apecdk  information  can  be  eaaily  obtained 
through  ah  examination'  of  each  3W  narrative  com 
preaented  In  appendix  F. 

I.  Improper  moalvotlon  or  moods  oommond  or  poor 
preaaure.  get  homeWa,  ate.  The  H8L  analyaia  in  table  3 
ahowe  thle  Inadequacy  to  be  the  top-ranked  or  moat  critical 
problem  In  Army  aircraft  aeddenta  during  FY  79.  It 
accounted  for  more  than  #1.6  million  dollara  of  FY  79 
accident  coata.  The  human  errora  cauaed  or  contributed 
to  by  thla  Inadequacy  arc  ahown  In  table  4. 

The  human  arrora  In  table  4  ware  moat  often  committed 
by  pNota  or  Inetructor  pflota  in  utility  hallcoptara  on  aarvlca 
or  training  mMona.  Thaaa  arrora  are  not  new  to  Army 
aviation.  Generally,  thaaa  arrora  ware  knowingly  com¬ 
mitted  by  experienced  eviatore  who  allowed  the  per¬ 
formance  of  their  dutiae  to  be  edveraety  affected  by  an 
axoaaalva  dealra  (1)  to  Impraaa  paara  or  auparvlaora,  (2)  to 
aava  time  by  taking  a  ehortcut  for  paraonal  or  Job-related 


motivational  problema  were  ranked  fifth  by  the  HSL 
analyaia. 


II.  Faulty  Judgment.  Faulty  judgment  waa  the  aecond- 
ranked  inadequacy  during  FY  79.  It  accounted  for  #1.6 
million  In  aviation  reeouree  toaeea.  The  moat  frequent 


The  human  errors  associated  with  faulty  judgment  are 
also  not  new  to  Army  aviation  and  are  similar  to  those  identi¬ 
fied  in  the  FY  78  report  (reference  3).  They  generally  involve 
errors  in  making  decisions  which  require  accurate 
estimations  of  speed,  height,  and  distance,  and  true 
assessment  of  aircraft/aviator  capability  at  low  altitudes. 
For  these  decisions,  the  aviators  either  lacked  the 
information  needed  or  inadequately  used  the  information 
available.  The  decisionmaking  problems  noted  above  most 
often  involved  experienced  pilots  of  utility  aircraft  on 
training  missions.  This  finding  differs  from  the  results  of  the 
FY  78  analysis  in  which  observation  helicopter  pilots  were 
found  to  be  committing  these  decision  errors  most  often. 

III.  Equipment  Improperly  designed  for  required 
operstlon.  Improper  equipment  design  was  the  third- 
ranked  inadequacy  and,  while  occurring  less  frequently,  it 
was  the  most  costly  ($7.9  million).  Human  errors,  as  well  as 
materiel  failures,  caused  or  induced  by  the  inadequate 
design  of  aircraft  equipment  are  presented  in  table  6. 

In  the  FY  78  report  (reference  3)  more  than  half  of  the 
improperly  designed  components  in  accidents  were  in 
OH-58A  aircraft.  This  finding  was  not  repeated  in  FY  79, 
when  more  than  half  of  the  system  inadequacies  involving 
improperly  designed  equipment  occurred  in  utility  and 
cargo  aircraft.  The  types  of  human  errors  and  machine 
failures  caused  or  contributed  to  by  inadequately  designed 
aircraft  equipment  were  widely  distributed  (see  table  6). 
Generally,  materiel  failures  involved  engines  and  trans¬ 
missions,  and  human  errors  involved  improper  tasks, 
committed  by  experienced  pilots  on  aircraft  controls,  that 
were  induced  by  equipment  configuration. 

IV.  Inadequate  unit  training.  Inadequate  unit  training 
was  not  one  of  the  top  five  system  inadequacies  in  FY  78. 
However,  in  FY  79  this  inadequacy  was  ranked  fourth  and 
accounted  for  $4  million  in  resource  losses.  The  human 
errors  associated  with  this  inadequacy  are  listed  In  table  7. 

Most  of  the  human  errors  caused  or  contributed  to  by 
inadequate  unit  training  Involved  formation  flight  or 
environmental  factors.  These  errors  were  not  peculiar  to  a 
particular  type  of  aircraft  or  duty  position. 


TABLE  8.  -  Equipment  Improperly  Designed  lor 
Required  Operations 


Materiel  EsBure  or  Human  Error 


(JH- 1 H  angina  failure  resulted  when  the  accessory  drive 
gear  shaft  (P/N  1-070-140-1 )  showed  through  fatigue 

mechanisms.  Normal  operating  loads  acting  upon 

mfrufoeturad  eharp  edges  created  stress  risers  In  the 
groove  thaf  hoids  the  retaining  ring. 


yfcflIMQMEO-OI)  because  the  design  of  the 

fbtorbMe  is  such  that  h  stows  dirt  build-up 
fat  the  Made  base.  This  dirt  build-up  causae 


teauhtng  in  blade  to  casing  contact  and  turbine  failure. 

6H-68A  engine  fafture  resulted  from  fatigue  failure 
ftfthegbar,  cluster  spur,  P/N  6664149.  The  gear  does 
«*>**#»  *M*«h*K  strength  or  adequate  maahing  and 
flte  watloh  level  was  high. 

UH-1H  fuel  warning  system  (right  fuel  flow  switch, 
P/N  204-260-664-1)  malfunctioned.  The  fuel  boost 
warning  system  signals  failure  when  the  pump  has 
not  fated. 

CH-47C  combining  transmission  (P/N  1 1405200-2) 
faded.  The  spiral  bevel  gear  separated  from  the  gear 
|shaft  flange  because  the  connection  allowed  fretting 
and  cracks  to  occur  adjacent  to  the  bolt  area  and 
[eventual  separation. 

YCH-47D  forward  transmission  oil  cooler  fan  failed 
|(fan  blades  cracked  and  separated).  The  current 
aircraft  configuration  is  designed  so  that  the  aircraft's 
[normal  operating  rpm  places  the  fan  in  resonance. 

CH-64A  main  rotor  system  failed.  The  horizontal  pin. 
P/N  S1610-23096-1,  NSN 1616-00620-4866,  faded 
because  the  design  specifications  provide  for  a 
[pitting  thickness  Insufficient  to  prevent 
corrosion-fatigue. 


[AH- 1 S  pdot  conducting  contour  flight  improperly 
divided  hie  attention  between  the  tasks  inside  and 
outside  the  aircraft  because  of  the  cockpit  configuration 
The  pilot  was  unable  to  property  divide  his  attention 
between  operating  the  tactical  FM  radio  controls  and 
maintaining  adequate  visual  contact  outside  the 
aircraft  because  the  ECAS  version  of  the  AH-1 S 
r«s»lres  the  pdot  to  perform  unusual  movement  to 
operate  s  control  -  leeri  forward  and  reach 
around  the  cyclic  control  to  operate  the  radio. 

RV-10  pdot  inadvertently  feathered  the  No.  2  propeller 
bycauea  the  design  of  the  autofeather  switch  and 
wimlngHghtedows  an  aviator  to  unknowingly  or 
inadvertantly  arm  the  autofeether  switch.  A  visual 
cfcdekof  thd  system  wW  not  sHow  the  pilot  to 
detertnlns  tha  switch  poaftlon  end  the  warning  light 
Is  difficult  to  see  in  Its  present  location. 

TH-8BA  student  pdot  Inadvertently  increased  collective 
w4»ds  retarding  throttle  and  override  during  ■  practice 
eutorotation.  The  hand  action  required  to  pleoa  the 
throttle  in  override  end  hold  It  there  against  spring 
tension  can  causa  this  Inadvertent  action Uncreated 
ggfttPftlb _ _ _ 


V.  Iwwmton.  The  fifth-ranked  inadequacy,  inatten¬ 
tion,  was  a  definite  cause  factor  in  accidents,  accounting 
for  $2.3  million  in  reaource  losses.  Table  8  lists  the  human 
errors  associated  with  this  inadequacy.  These  errors  ware 
committed  by  experienced  aviators,  but  wsre  not  psculiar 
to  an  aircraft  type. 

Accidents  involving  this  inadequacy  occurred  when  the 
aviator’s  task  loading  waa  high,  e.g.,  during  hover, 
landing,  and  low- level  flight.  Moat  of  the  errors  committed 


by  pilots  or  instructor  pilots  during  this  high  workload 
condition  involved  channelizing  or  directing  too  much 
attention  to  objects  or  events  taking  place  inside  the 
cockpit.  Unlike  FY  78,  operating  controls  or  monitoring 
instruments,  rather  than  concentrating  on  maps,  instruc¬ 
tions,  or  other  factors,  were  the  tasks  inside  the  cockpit  on 
which  their  attention  was  channelized  or  excessively 
diverted. 


Nsqubwiunti 


Mw— i— «  Laval.  The  aviation  system  inadequacies 
Natad  in  rank  order  in  tabta  3  wara  analyzed  to  datarmina 
pressing  pravantion  requirements  which  affect  the 
efficiency  and  aafaty  of  operations.  A  Hating  of  theae 
raquiramanta  ia  provided  below.  Theae  raquiramanta  are 
baaed  on  the  HSL  analyaia  and  the  expert  Judgment  of 
human  factors  and  material  ipecielieta  and  aircraft  ayatam 
managara  at  the  Army  Safety  Canter.  The  raquiramanta 
represent  prevention  needs  for  FY  79.  A  number  of  actiona 
has  bean  taken,  ia  in  prograas,  or  la  being  considered. 
Some  of  the  more  effective  remedies  to  prevent  the 
recurrence  of  human-related  problems  are  found  in  the 
area  of  improved  equipment  design. 

FY  7t  Hwetd  Prevention  Requirements  for  Army 
Aviation 


A.  Equipment  Design  (Hazards  1, 3, 5, 6, 9, 10  in  table  3) 

1.  Wire  Strike  Protection. 

•  Expedite  procurement  and  fielding  of  wire  strike 
protection  systems  for  the  OH-68,  UH-1,  and  AH- 1. 

•  Initiate  research  and  development  programs  to 
develop  wire  strike  protection  systems  for  the  UH-60  and 
AH-64. 

•  Continue  efforts  to  determine  the  feasibility, 
practicality,  and  cost  effectiveness  of  equipping  Army 
helicopters  with  a  wire  or  wire-like  object  detection  system. 

2.  AH-1S.  Evaluate  the  need  to  relocate  the  FM 
radio  from  its  present  position  in  the  AH-1S  to  a  cockpit 
area  that  does  not  require  the  pilot  to  reach  forward  and 
around  the  cyclic  for  operation.  This  would  be  particularly 
important  during  terrain  flight  whan  there  ia  a  significant 
need  for  vigisnce  outside  the  aircraft  and  the  copilot 
cannot  assist  or  the  teak  assignments  are  not  dear . 

3.  UH-1.  Redesign  the  UH-1  fuel  boost  warning 
ayatam  to  eliminate  falsa  warning  indications. 

4.  OH-68. 

•  Improve  the  OH-68  engine  (T63-A-700)  gear  duster 
apur,  P/N  8184148,  to  include  increased  strength, 

w»  nramRnQi  vOQ  KWrof  ViW  ■UOfT  ItVtlli 

(TW-A-720  englnaa  have  Incorporated  these  improve* 
manta.) 

•  Redesign  the  OH-68  tail  rotor  pitch  change 
mechanism  or  revise  maintenance  procedures  to  prevent 
improper  Instaltotion. 

8.  CH-47. 

•  Modffy  the  CH-47  spiral  bevel  gear  connection  to 
the  gear  shaft  Range  to  a  oonnection  that  does  not  allow 

rtWwijl  •HO  QflOwny  tO  OwUi  •QJOOOHX  TO  tfif  Own  nO)9li 

•  Redesign  the  YCH-47D  forward  trsnem lesion  oil 
oooiar  fan  so  that  the  aircraft's  normal  operation  cannot 
plaoe  the  fan  In  resonance,  causing  eventual  failure. 

8.  CM-64.  Redesign  the  CH-64A  horizontal  pin  in  main 
rotor  system  to  require  a  plating  of  sufficient  thickness  to 


prevent  corrosion  failures. 

7.  OV-1.  Redesign  the  OV-1  autofeether/synchro- 
phaaar  switch  to  one  that  does  not  causa  the  user*  to 
inadvertantly  arm  the  autofeather  system,  and  reposition 
the  autofeather/ speed  board  warning  light  to  a  piece  where 
it  is  not  difficult  to  sea. 

8.  General.  Develop  a  program  to  insure  known 
safety-related  materiel  deficiencies  intentionally  Inataled 
on  aircraft  when  parts  are  not  avalabie  are  monitored  to 
preclude  failure. 

B.  Human  Performance  Research /Evaluation  (Hatarda  1, 
2,4, 5, 11, 12  in  table  3) 

1 .  OH-58.  Reevaluate  the  OH-68  crew  requirements 
based  on  today's  scout  missions,  flight  environment,  and 
task  workload. 

2.  OV-1.  Determine  if  a  valid  requirement  exista  for 
pilots  of  OV-1  aircraft  to  conduct  formation  flights. 

3.  General. 

•  Perform  research  to  identify  the  most  critical  causes 
of  improper  division  of  attention  between  flight  duties  in 
rotary  wing  aircraft  and  develop  corrective  ectione  to 
reduce  or  eliminate  problem,  i.e.,  heeds -up  dfcpiay. 
Particular  emphaala  should  be  directed  toward  flight  modes 
of  high  task  workload. 

•  Evaluate  the  need  to  upgrade  procedures/ training 
provided  aviators  with  regard  to  proper  methods  of 
avoiding  or  coping  with  reduced  visibility  problems 
encountered  when  hovering/taxiing  over  snow  or  dusty 
terrain. 

•  Perform  research  to  identify,  define,  and  rank  the 
task  performance  problems  of  aviators  (instructors,  pitots, 
and  students)  during  actual  and  simulated  autorotations. 

•  Perform  research  to  identify,  define,  and  rank 
problems  involving  rotary  wing  instructor  pitots  improperly 
monitoring  the  performance  of  pitots  to  such  a  degree  that 
safe  operating  conditions  are  exceeded.  Particular  empha¬ 
sis  should  be  directed  toward  the  higher  task  workload 
situations,  such  as  training  for  simulated  emergency 
conditions. 

•  Develop  safe  operating  parameters  and  guidelines 
for  halicoptar  operations  in  the  vicinity  of  parachutes. 

•  Develop  reeearch  effort  to  determine  the  instm- 
menta/procedu res/trainlng  techniques  needed  to  enhance 
pitot  capability  to  accurately  estimate  dears nce/ctoeure 
rata  and  correct  control  Inputs,  especially  during  autorota¬ 
tions. 

C.  Written  Guidelines  (Haiards  1,3, 2, 8, 8, 22  in  table 3) 

1.  AH-1.  Revise  TM  68-1820-221-20  (AH-1)  to 
require  a  check  of  the  torque  of  the  tall  rotor  gearbox 
attaching  bolt  during  ovary  phase  Inspection  or  PE,  and 
after  first  flight  following  any  90- degree  gearbox  Installa¬ 
tion. 

2.  UH-1. 

•  Revise  TM  68-1620-210-23  (UH-1)  to  include,  at  unit 
and  Intermediate  maintenance  levels,  the  requirement  to 


« 


measure  each  trunnion  bore  and  trunnion  pin,  and  to  determine  which  should  be  performed  in  observation 
conduct  a  spring  pud  teat  of  assembled  parts.  aircraft  and  which  have  adequate  transfer  of  training 

•  Evaluate  the  need  to  change  TM  66-1520-210-10  benefits  to  be  performed  in  the  UH-1  SFTS.  The  annual 

(UH-1)  In  the  area  of  lose  of  effective  tan  rotor  thrust  with  20-hour  SFTS  requirement  for  observation  helicopter  pilots 

no  break  in  drive  systems,  particularly  at  out-of-ground  should  then  be  modified  based  on  the  task  evaluation  of 

effect  hover  altitudes  to  provide  prescribed  recovery  instrument  flight  rquirements. 

techniques.  3.  General. 

3.  OH-68.  •  Improve  IP/SIP  monitoring  of  nonstandard  maneu- 

•  Revise  procedures  in  TM  66-1620-228-23  (OH-68)  vers  performed  by  pilots  who  are  under  instruction/evalua- 

with  a  "WARNING"  note  or  other  means  to  insure  the  tion  in  more  than  one  aircraft.  This  is  particularly  important 
pitch  control  tube  and  key  are  not  forced  through  the  for  pilots  being  influenced  by  a  combination  of  factors  from 
control  housing.  different  aircraft  such  as  different  standard  maneuver 

•  Reviee  TM  66-1620-228-23  (OH-68)  to  give  tad  rotor  requirements,  procedures,  techniques,  and  fields  of  view 
rigging  procedures  to  eliminate  difficulty  and  increase  the  from  the  cockpit. 

degree  of  accuracy  within  design  tolerances.  •  Assess/evaluate  the  adequacy  of  current  training  in 

4.  General.  the  area  of  proper  division  of  attention  between  flight 

•  Evaluate  the  adequacy  of  TC  1-13  (Hot  Weather  tasks/duties  inside  and  outside  the  aircraft  during  high 

Flying  Sanaa)  and  FM 1-61  (Rotary  Wing  Fight)  in  the  area  pilot  task  workload  conditions,  i.e.,  hover,  landing, 

of  normal/emergency  procedures  in  night/dusty  opera-  autorotation,  and  confined  area  training  in  various 

dons.  environmental  conditions. 

•  Improve  field  inveetigatione  and  reports  of  miahaps  •  Provide  school  training,  through  the  use  of  flight 

to  insure  sufficient  information  IAW  AR  96-6  is  provided  to  simulators,  for  instructor  pilots  regarding  the  correct 

adequately  identify  for  remedM  action  the  "foluraa  that  procedures  for  low  level,  low  rpm  recovery  from 

cause  or  contribute  to  an  accident."  aawalae  the  aviation  autorotations. 

"syatsm  inadequacies  or  condMone  that  induced  the  •  Upgrade  aviator  rotary  wing  training  to  provide  a 

falurae."  batter  understanding  of  aircraft  performance  capabilities  in 

•  Evaluate  the  adequacy  of  written  guidelines  on  the  the  areas  of  (1)  power  required  versus  power  available,  (2) 

subject  of  required  clearance  between  aircraft  in  refusing  Interpretation  of  tel  rotor  problems,  and  (3)  actions  to  take 

erase  and  the  need  to  Include  parking  and  maneuver  when  tail  rotor  effectiveness  Is  lost. 

clearance  requirements  In  FM  1-106  (Aviator's  Handbook)  The  requirements  listed  above  provide  insight  into  safety 
and  TC  1 136  (UH-1  Aircrew  Training  Manual).  needs  and  each  should  be  closely  monitored  and  managed. 

•  Reviee  FM  1-61  (Rotary  Wing  Fight)  to  Include  Following  are  areas  In  which  these  requirements  should  be 
anaNQ  amm  tut  won  orvwiimiiuM  wnn  pwwuwr  comKwna: 

emphasis  on  the  tasks  and  coordination  required  In  1.  Research  and  development  for  currant  and  future 

maintaining  oonetant  external  surveWanoa  during  terrain  aircraft. 

flight  operations,  l.e.,  radio  frequency  ohangas  end  2.  Emphasis  and  direction  to  upgrade  training  st  unit 

transfer  of  aircraft  oontroi.  and  school  levels. 

•  Review  the  current  regulations  and  manuals  to  3.  Unit  and  Army-wide  accident  prevention  pre¬ 

determine  the  adequacy  of  guidance  provided  to  aviators  grams. 

regarding  authorized  and  unauthorised  terrain  flight.  4.  Evaluation  and  revision  of  Army  regulations, 

•  Evaluate  effectiveness  of  programs  designed  to  technical  manuals,  field  manuals,  and  other  written 

Ineura  aviator  compliance  with  written  guidelines  establish-  guidelines  that  direct  human  behavior. 

Ing  required  terrain  flight  procedures,  especially  with 

regard  to  unauthorised  terrain  flight.  Unit  Level.  Remedial  actions  or  prevention  requirements 

D.  Weight  and  Balance  (Haiard  6  In  table  3).  Investigate  for  which  a  unit  has  primary  Implementation  responsibility 

methods/lnstruments  for  Improving  the  aaea  and  accuracy  are  given  on  a  oase-by-oeso  basis  In  appendix  f.  In  addition 

of  calculating  weight  and  balance  and  aircraft  perform-  to  Indepth  Information  relevant  to  Individual  unit  problems, 

anoe,  i.e.,  batter  performance  charts  and  aleatronlc  appendix  F  also  gives  detailed  data  on  Army-wida  aviation 

computers,  ......  problems.  The  hasard  data  presented  In  this  appendix 

E.  Flight  Training  (Haaarde  1 , 2, 8, 20  In  table  3)  provides  unit-level  personnel  with  tits  Information  needed 

1.  AH-1.  Provide  additional  training  In  power  to  easily  perform  different  kinds  of  reviews,  analyses,  or 

recovery  techniques  to  AH-1  Instructor  pDots  by  using  the  assessments  of  "real  world"  hsxarde  In  Army  operations 

AH-1  visual  simulator,  l.e.,  recovery  during  low  and  high  that  are  unique  to  the  primary  concerns  of  a  unit. 

rata  of  descant  conditions.  Thaaa  remedial  actions  ware  developed  by  the  accident 

2.  OH-88.  Evaluate  the  adequacy  of  the  OH-88  investigation  board  on  an  individual  caee  beeia  and  should 

aviator  Instrument  training  program  which  allows  the  bo  oarefully  considered.  However,  those  remedial  actions 

majority  of  training  to  be  oonducted  In  the  UH-1  synthetic  are  not  Intended  to  (1)  bo  alWnduelve,  (2)  represent  the 

flight  training  syatsm  (SFTS).  Particular  emphasis  should  setions  that  specialists  In  the  behavior  of  man  or  matarlei 

be  cHrectsd  toward  evaluating  ad  Instrument  tasks  to  might  select,  or  (3)  be  Identical  to  remedial  actions  that 


S 


would  result  from  a  collective  analysis  of  a  problem  area. 
Other  effective  corrective  actions  may  be  developed  and 
implemented  at  unit  level.  Appendix  F  also  includes 
information  on  mishap  prevention  actions  which  have  been 
completed  or  are  In  progress. 

Ollier  Requirements.  The  results  of  this  study  support 
several  other  requirements.  A  multi-year  study  similar  to 
this  report  should  be  performed  to  determine  long-term 
aviation  system  inadequacies  and  mishap  prevention 
requirements.  Consideration  should  also  be  given  to 
developing  research  efforts  aimed  at  providing  indepth 
analysis  of  each  aircraft  system  and  each  of  the  major 
aviation  hazards  identified  in  this  report. 

One  of  the  most  common  recommendations  made  by 
accident  investigation  boards  was  "to  inform  personnel  of 
problems  encountered  through  communications  media." 
Communications  media  like  FLIGHTFAX  are  invaluable  for 
giving  field  personnel  information  on  aviation  hazards.  The' 
data  in  this  report  support  the  need  for  the  Army  Safety 
Center  to  continue  current  efforts  in  publicizing  major 
aviation  hazards  through  articles,  publications,  training 
films,  and  other  communications  media. 

The  final  needs  indicated  by  the  results  of  this  study 
involve  aids  to  accident  investigation  and  analysis; 
specifically,  an  onboard  flight/crash  data  recorder,  an 
automated  data  system  for  recording  aviator  flight  activity, 
and  improved  written  guidelines  on— and  enforcement 
of— the  requirements  in  AR  96-5  for  reporting  aviation 
mishaps. 

Like  those  of  past  years,  this  analysis  indicates  that 
improvement  in  the  quality  and  apedfidty  of  data,  i.e., 
"real  time"  data,  is  required.  Without  an  improvement  in 
data,  accidents  will  continue  to  occur  from  repeat  causes 
and  few  safety  improvements  or  advancements  will  be 
realized  beyond  the  preeent  plateau. 

An  onboard  flight  data  recorder  would,  for  the  first  time, 
provide  invaluable  "real  time"  information  about  the 
aircraft.  This  would  reduce  (1)  subjective  "guesstimations" 
and  the  resultant  number  of  nonspecific,  inaccurate,  or 
erroneous  findings,  and  (2)  the  number  of  accidents  in 
which  insufficient  information  was  available  to  determine 
definite  causes.  The  flight  data  recorder  could  also  reduce 


the  coat  and  time  for  mishap  investigations. 

Human  error,  particularly  pilot  error,  continues  to  be 
largest  problem  in  Army  aircraft  accidents.  Data  con¬ 
cerning  the  adequacy  of  aviator  skHI  development  and 
maintenance  In  terms  of  (1)  total  amount  of  flight  experi¬ 
ence  in  different  types  of  aircraft,  missions,  and  tasks,  and 
(2)  the  recency  of  hours  flown  and  distribution  of  practice 
for  these  hours  in  different  types  of  aircraft,  missions,  and 
tasks,  are  essential  ingredients  for  understanding  these 
aviator-related  problems.  Automation  of  the  aviators'  flight 
activity  data  would  improve  the  accuracy  and  speed  with 
which  such  valuable  Information  can  be  gathered. 

Without  this  basic  data,  it  is  difficult  to  adequately 
monitor  the  pulse  of  aviator  flight  experience  and  make 
informed  decisions  regarding  important  aviation  resource 
management  questions.  For  example:  Are  there  differences 
in  the  types  and  amounts  of  flight  experience  of  aviators 
involved  in  aircraft  accidents  and  those  who  are  not? 

How  do  we  know  if  or  when  the  flight  and  training 
experience  of  the  Army  aviator  population  in  various 
aircraft,  missions,  and  tasks  fall  below  that  minimally 
required  to  be  prepared  for  future  threats? 

How  can  we  determine  how  the  kinds  of  flight 
experience  used  to  develop  and  maintain  aviator  skills  have 
changed  in  the  last  10  years? 

How  can  we  determine  the  specific  effects  of  reduced 
ffight  hours  and  aviator  manpower  on  the  overall,  as  wed  as 
specific,  kinds  of  aviator  skills  and  level  of  experience 
available  for  Army-wide  operational  mission  effectiveness? 

Automation  of  aviator  flight  activity  data  is  a  key  to 
answering  these  questions.  However,  while  this  flight 
activity  data  is  one  of  the  few  available  measures  of  general 
aviator  performance,  it  is  not  centralized  and  automated  as 
are  similar  types  of  aircraft  information. 

Decision- level  consideration  should  be  given  to  an 
onboard  flight/crash  data  recorder  and  the  automation  of 
aviator  flight  activity  data.  Some  efforts  are  underway.  An 
Aircraft  Accident  Information  Retrieval  System  (AIRS)  has 
advanced  to  the  prototype  "brass  board"  stage  at  the 
Applied  Technology  Laboratory  of  the  Research  and 
Technology  Laboratories  (A VRADCOM).  Also,  ODCSOPS 
has  contracted  for  automation  of  the  aviator  flight  activity 
records. 
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Append*  E 
Method 


Data  uaad  lor  this  report  were  obtained  from  en  analytic 
of  the  reports  on  Army  aircraft  accidents.  Damage,  injury, 
fatality,  and  cost  aoaociated  with  theae  accidents  are 
summarized  in  table  1  on  page  2. 

- ■  - 

The  primary  objective  of  the  analytical  effort  is  the  same 
ae  that  of  system  safety  programs:  to  maintain  the 

wnpwvroon  or  roraon  ravouract  oy  ttny  iooinm~ 

quaolss.  This  objective  is  accomplished  through  an 
Intenaive  five-stage  safety  management  program  called 
ICAFT.  ICAFT  refers  to  Investigation,  aomputarization, 
analysis,  feedback.  and  tracking,  it  ie  a  closed-loop 
approach  to  safety  intended  to  identify,  manage,  and  track 
aviation  hazards  from  initial  occurrence  to  final  elimination. 
Mowing  are  the  five  etagee  of  ICAFT: 

1.  Hanawl  bwasrigarieii.  This  stage  Is  accompliehed 

mi  mi  LulLUjA a^l  uu  s-  — *-  ** — —  — *-  .1,  i,  ■  He - *-a a 

on  VI  RKJMOUCI  CM  PWI  uwQU^n  WCIIu  KCKltm 

investigations  using  the  "Ricketson  3W  approach" 

IsaaasasMiA  At  —  a  is —  — 

(foiwwicv  iiM  cpprovcn  nouviv  Mwion  or  Twiuni 
(men  or  machine!  that  are  causative  to  an  accident. 
AddWonaky,  the  Ricketson  3W  approach  employed  by  the 
Army  Safety  Center  takes  a  significant  step  beyond  many . 
programs  in  accident  investigation  by  aieo  requiring  the 

kelaaLkH  eJ  Haguia  JiMmaaiff |A|a  luaMe  stiaa  — —  — . 

■wwwn  w  m#  root  CtUNl  — WH  TSCtOfl  uwt  CHUB#  Of 

contribute  to  the  fMuree.  The  approach  Incorporates 
fMiWolo  grid  raouim  tht  Mtafalahmint  of  a  link 

bofwon  Murat  and  Mura  ctutta.  TWa  raduoaa  tht 
circular  vyunanta  ao  often  posed  on  who  is  to  blame  for 
an  uccvounr,  a*u«s  nuv*wn  afroc  of  rniianp  cwai^n 
Inadequacy,  and  emphaeitee  prevention  measures. 

2.  Computerisation.  All  information  collected  on 
Mures  and  Mura  cauaaa  la  procaeaed  Into  the  Army 
Safety  Center  computer  data  bate.  Thus,  data  on  man  or 
machine  problems  era  oentreilzed  and  can  be  aaaiiy 
eoceeeed  end  analyzed. 

3.  Anafyale  and  flaaaareb.  The  hazards  In  the 
oantra»«ad  dam  base  are  oofactivaiy  eneiyied  on  a  vastly 
and  muWyoeriy  basis  to  (a)  Identify,  define,  and  determine 
the  magnitude  of  the  problem  presented  by  hazards,  (b) 

fit—  kaaewb  Is  amms  si  s-i— s-  ,  ,  , ,  Mg 

pnonwn  mo  noio^uo  vuonunoo  in  wm  or  n»yn  poyun 
potendel  or  those  ereee  having  the  most  pressing  need  for 
preventive  action#,  and  (c)  identify  additional  corrective 

hsSLkus  aMMMSaMS  I  m  aailMiflaf  ssalsss  usasaJms  - —  — 

wwfo  nmrnMOt  i«o*a  vcvonv  noi  oppropnovo  or 

soemfl  mumuiAi  fMai  aks  — —A  _ 
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4.  Feedback.  The  hazards  identified  end  prioritized  ere 
then  transmitted  through  technical  reports,  interagency 
coordination,  and  other  meant  to  the  various  agencies 
responsible  for  corrective  actions,  e.g.,  Army  command, 
human  factors  and  materiel  research  activities,  aviation 
schools,  end  media  specialists. 

5.  Tracking/ Action.  The  Army  Safety  Center  has  a 
system  manager  for  each  type  aircraft  (UH,  OH,  AH,  etc.). 
These  system  managers  are  responsible  for  initiating, 
tracking,  and  coordinating  corrective  actions  above  major 
command  level  to  be  taken  on  human  and  materiel 
problems  identified  through  individual  and  collective 
accident  analyses.  This  type  of  hazard  management 
insures  that  prevention  requirements  era  systematically 
managed  and  do  not  "drop  through  the  crack."  The  results 
of  this  corrective  action  tracking  system  ere  also  being 
computerized. 

Individual  Analysis 

The  aircraft  accidents  were  Investigated  and  analyzed 
using  the  Ricketson  3W  approach.  This  approach  is  based 
on  a  concaptuai  framework  adapted  from  a  modal  by 
Ricketaon,  1873. 

Figure  E-i  preeents  a  modal  of  the  human  error  accident. 
The  premies  of  this  modal  is  that  whan  ons  or  mors  of  ths 
12  basic  elements  of  tha  aviation  system  do  not  oparsta  as 
Intended,  an  overload  (kern  13)  ie  placed  on  tha  man's  role 
in  tha  system  (item  14).  That  is,  the  man  mutt  continue  to 
perform  normal  tasks  whlia  correcting  for  the  abnormal 
system  condition.  If  tha  overload  la  of  such  magnitude  or 
persistence  that  the  man  cannot  cope  with  h  end  continue 
to  perform  normal  tasks,  ha  begins  to  make  errors  (item 
16).  Most  of  these  errors  do  not  result  In  an  accident  (item 
16).  But,  as  tha  magnitude  and  frequency  of  errors 
Increase,  tha  likelihood  of  tha  error  causing  an  accident 
Increases.  Whan  an  accident  occurs  that  has  bean  caused 
by  •  human  arroris).  It  Ie  probable  that  this  error  has 
occurred  many  times  before  tha  aoddant  happened.  Aieo, 
tt  is  Hkaly  to  continue  to  occur  unteae  soma  remedial  action 
Ie  taken  to  correct  the  system  Inadequacy  causing  the 
error. 

This  basic  model  wee  used  to  develop  the  approach 
outlined  in  table  1-1.  The  epproech  requires  the  accident 
Investigation  board  to  Identify  whet  happened,  what 
caused  or  allowed  It  to  happen,  and  what  to  do  about  ft 
(*W)  with  respect  to  man,  machine,  tha  environment,  and 
their  Interaction.  This  report  only  addrsaaas  the  men  and 
mechlne  cause  feetors. 


n 
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Human  Error.  The  acronym  for  the  3W  approach  to  the 
inveatigstion,  analysis,  and  prevention  of  human  arror 
accidents  is  TEIR.  The  elements  of  TEIR  are  defined  as 
follows: 

1 .  A  task  arror  (TE)  is  Job  performance  which  deviated 
from  that  required  by  the  operational  situation  and 
caused  or  contributed  to  an  accident.  Required 
performance  includes  that  stipulated  by  (a)  school 
training,  (b)  on-the-job  training,  (c)  U.S.  Army 
regulations  and  guidelines,  id)  standing  operating 
procedures,  or  (a)  commonly  accepted  practices. 
An  error  Is  assigned  only  when  It  Is  judged  that  a 
person  of  normal  or  reasonable  competence  could 
have  performed  the  task  correctly  in  the  existing 
operational  situation. 

2.  A  system  Inadequacy  (I)  or  hazard  is  an  element  of 
the  aviation  system  that  did  not  operate  as  Intended 
or  designed.  An  I  Is  assigned  only  when  It  la  Judged 
to  have  caused,  allowed,  or  contributed  to  the 
occurrence  of  e  TE.  More  than  one  I  may  be 
assigned  to  a  given  TE. 

3.  A  remedial  measure  (R)  is  an  action  required  to  cor¬ 
rect  or  at  least  reduce  the  operational  Impact  of  an 
Inadequacy.  The  R  may  be  directed  at  any  command 
level  for  Implementation  and  la  not  to  be  restricted 
by  current  technology  or  budgetary,  personnel,  and 
equipment  resources.  More  than  one  R  may  be 
recommended  for  a  given  Inadequacy. 


MaterM  Failure.  The  3W  approach  relating  to  materiel 
failure/malfunctions  is  also  based  on  the  conceptual 
framework  adapted  from  Ricketaon’s  ( 1 975)  model.  Figure 
E-2  presents  a  model  of  the  materiel  failure/malfunction 
accident. 

The  acronym  for  tha  3W  approach  to  the  Investigation, 
analysis,  and  prevention  of  mishaps  caused  by  materiel 
failure/malfunction  is  FIRE.  The  elements  of  FIRC  are 
defined  as  follows: 

1 .  A  materiel  failure/ malfunction  (F)  is  a  component  or 
system  that  (a)  ceases  to  operate  entirely,  (b) 
operates,  but  not  as  designed  or  intended,  (c) 
operates  as  designed,  however,  operational  needs 
require  enhanced  performance.  A  materiel  failure/ 
malfunction  la  considered  for  analysis  only  when  It  is 
judged  to  have  caused  or  contributed  to  the  mishap, 
not  resulted  from  the  mishap. 

2 .  A  system  Inadequacy  ( I )  is  an  element  of  the  aviation 
system  that  did  not  operate  as  Intended  or  designed. 
An  I  Is  assigned  only  when  It  Is  judged  to  have 
caused,  allowed,  or  contributed  to  the  occurrence  of 
an  F.  More  than  one  1  may  be  assigned  to  a  given  F. 

3.  A  remedial  measure  IRE)  is  an  action  required  to 
correct  or  at  last  reduce  the  operational  Impact  of  an 
Inadequacy.  The  RE  may  be  directed  at  any 
command  level  for  Implementation  and  Is  not  to  be 
restricted  by  current  technology  or  budgetary, 
personnel,  and  equipment  resources.  More  than  one 
RE  may  be  recommended  for  *  given  Inadequacy. 
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1.  Accident  Occufranoa.  One#  an  aircraft  mishap 
occurrad,  tha  miafiap  dsaalfloatlon  wm  determined  IAW 
procedures  outlnod  In  AN  3BB40,  AoeWant  Reporting  and 
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definition,  the  "major"  accident  classification  was  divided 
into  two  groups— "major  total"  and  "major  substantial." 
Tbs  "major  total"  classification  refers  to  those  "major" 
accidents  in  which  the  aircraft  was  damaged  to  the  extent 
that  repair  would  not  be  feasible.  The  "major  substantial" 
(usually  referred  to  as  "major"  only)  classification  refers  to 
those  "major"  accidents  in  which  a  substantial  amount  of 
dsmgs  was  dona. 

2.  Identify  Human  Errors  and/or  Material  Failures.  Tha 
first  step  In  tha  Identification  of  hasards  In  each  aooidant 
was  to  determine  what  happened,  e.g.,  what  human  errors 


and/or  materiel  faluree/matfunctions  occurred  that 
contributed  to  THM  accident.  This  wee  done  using  the 
concepts  and  procedures  outlined  in  AR  96-5,  chapter  11. 
AcconRng  to  these  procedures,  all  duty  positions  and  si) 
hardware  systems  would  be  investigated  to  determine  if 
any  contributed  to  the  accident.  Only  those  failures 
(human  errors  and  materiel  failure/malfunctions)  that 
directly  contributed  to  the  accident  were  considered  for 
this  report. 

Accident  investigation  and  repotting  are  usually 
divided  into  two  major  phases:  prscrash,  which  includes 
everything  up  to  and  including  the  accident  sequence;  and 
postcrash,  e.g.,  the  survival  and  rescue  phase.  Only  those 
human  errors  and  materiel  faHures/matfu notions  that 
cauaed/aHowed/contributed  to  the  precrash  phase  of  the 
accident  were  considered  for  this  report.  The  definitions  of 
these  human  and  materiel  failures  were  previously  given. 

3.  Determine  Causeis)  of  Identified  Errors  and/or 
Failures.  When  the  human  errors  and/or  materiel  failures/ 
malfunction  had  been  identified,  the  next  step  was  to 
determine  what  problem  within  the  aviation  system  (refer 
to  models  in  figures  E-1  and  E-2)  caused  or  allowed  the 
error  or  failure.  Often  it  is  poesibie  to  identify  what 
happened  (error  that  was  made  or  part  that  failed)  but  not 
what  caused  it.  This  lack  of  information  can  be  attributed 
to  several  things:  (1)  catastrophic  accident  in  which  all 
occupants  were  killed  and  physical  evidence  (aircraft)  was 
destroyed;  (2)  human  error  that  cannot  be  traced  to  an 
inrMvidual,  e.g.,  maintenance  personnel  at  either  unit  or 
overhaul  facility  incorrectly  routed  hydraulic  lines;  (3) 
cause  of  component  failure  could  not  be  determined  by 


teardown  analysis  facility;  (4)  board  could  not  identify  any 
definite  human  error  or  materiel  failures. 

4.  Suggest  Remedial  Measures.  Once  the  failure 
and/or  error  had  been  identified  and  the  problem  within 
the  system  that  caused  or  allowed  it  had  been  determined, 
the  next  step  was  to  suggest  action  to  be  taken  to  remedy 
the  system  problem.  This  remedy  can  be  aimed  et  any  level 
of  command  as  it  is  not  bound  by  current  manpower, 
budget,  or  state-of-art  limitations.  Also,  more  than  one 
remedy  may  be  needed  to  solve  the  problem  or  reduce  its 
effect  on  operations. 

5.  Place  Individual  Findings  Into  3W  Format.  Category 
numbers  (see  appendix  A)  were  assigned  to  each 
contributing  error  or  failure,  its  causeis)  and  associated 
remedial  measured).  This  procedure  requires  that  all  the 
basic  information  concerning  each  accident  be  coded  into 
a  form  that  lends  itself  to  computerization.  These  basic 
elements  include  type  aircraft,  duty  position,  accident 
classification,  materiel  costs,  injury  costs,  etc. 

CoMacthre  Anafyaia.  Figure  E-4  shows  the  process  by 
which  the  overall  analysis  was  accomplished. 

1.  Collection,  Coding  and  Review.  When  each 
individual  accident  had  been  reviewed  and  a  3W  analysis 
completed  for  those  containing  sufficient  information,  they 
were  collated  for  a  collective  analysis. 

2.  Hazard  Identification.  All  system  inadequacies  that 
occurred  in  FY  79  are  identified  in  table  3  on  page  11. 
These  were  identified  by  system  inadequacy  or  hazard 
category  (appendix  A)  and  presented  by  frequency  of 
occurrence.  Based  on  the  philosophy  of  the  model  of 


SEQUENCE  OF  ANALYSIS 


IDENTIFY  HAZARD  PREVENTION 
REQUIREMENTS 


figure  E-1  or  E-2,  any  problem  that  occurs  once  is  likely  to 
occur  again.  For  this  reason,  no  hazard  or  system 
inadequacy  is  eliminated  because  of  a  low  frequency  of 
occurrence. 

3-6.  Elements  Used  for  Determining  Hazard  Significance 
Level. 

a.  Ranking  According  to  Frequency.  Each 
system  inadequacy  category  was  evaluated  based  on 
frequency  of  occurrence  and  placed  in  the  appropriate 
frequency  index  shown  in  table  E-2.  The  format  and 
rationale  for  this  frequency  ranking  procedure  were 
modeled  after  reference  7. 

b.  Ranking  According  to  Injury  Severity.  Each 
system  inadequacy  was  evaluated  relative  to  the  severity  of 
the  injuries  associated  with  it.  This  evaluation  placed  each 
system  inadequacy  into  one  of  the  injury  severity  ranks 
shown  in  table  E-4.  The  rationale  and  format  for  this 
ranking  procedure  was  taken  from  reference  7. 


TABLE  E-2. - 


Reasonably  frequent 
Occasional 


0.2  « f* 

0.1«f«6.2  " 

.06*  f  10.1 
.01  *  f  s  .06 


Imnmhahle 

impcowNo 


•f  is  defined  as  the  retative  fraquency  of  system  Inadequacy. 

of  occurrence  of 
man/  machine 


c.  Determine  Aircraft  Damage  Severity.  Each 
system  inadequacy  was  evaluated  relative  to  the  severity  of 
aircraft  damage  associated  with  it.  This  evaluation  placed 
each  hazard  into  one  of  the  ranks  shown  in  table  E-4. 

d.  Determine  Cost  of  Hazards.  Each  of  the  system 
inadequacies  was  evaluated  relative  to  the  costs  associated 
with  it.  This  cost  is  the  sum  of  aircraft  damage,  injury,  and 
property  damage  costs.  These  costs  were  proportioned  by: 

System  Hazard  Cost  =  Total  Cost  of  Accident 

Number  of  System  Inade¬ 
quacies  identified  in  the 
Accident 

For  Example: 

Case  1215  System  Inadequacy  Cost 

=  $93,460 
4 

System  Inadequacy  Cost 
=  $23,366 

The  method  used  to  arrive  at  the  dollar  cost  asso¬ 
ciated  with  each  inadequacy  category  involved  the  addition 
of  all  dollar  costs  of  the  cases  in  which  a  particular  inade¬ 
quacy  was  a  factor.  This  approach  assigns  the  same  dollar 
cost  weight  to  each  system  inadequacy  identified  in  the 
accident.  No  attempt  was  made  to  apply  differential 
weights  to  the  system  inadequacies  (cause  factors). 

7.  Overall  Ranking  of  Hazards  (HSL  Analysis).  The 
results  of  evaluating  each  inadequacy  according  to  its 
frequency  and  severity  (as  described  above)  were  used  to 
place  the  inadequacy  into  overall  significance  groups. 
Frequency  and  severity  rankings  of  each  inadequacy  were 
weighted  equally  in  this  process.  Table  E-5  indicates  how 
all  inadequacies  were  placed  into  one  of  10  significance 
groups  as  determined  by  the  combination  of  frequency  and 
severity  indices. 
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Raeutts  in  major  damage 


Results  in  minor  damage 


'Aircraft  damage  deasiflcsiions  are  baaed  on  proooduroo 
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Alto,  Alb,  Bla 

AHIa,  Allb,  Ale,  Blla,  Bib,  Cla 

AfVa,  Alllb,  Ailc,  Bills,  Blfb,  Blc,  Clia,  C)b,  Dla 

AlVb,  Aide,  BlVa,  Blllb,  Bile,  Cilia,  Ctlb,  Clc,  Dlla,  Dlb,  Ela 

AIVc,  BlVb,  Blllc,  CIVa,  Clllb,  Ole,  OIDa,  Dltb,  Die,  Ella,  Elb 

BIVc,  CIVb,  Ollc.  DIVa,  Dlllb,  Dllc,  Elite,  Ellb,  Etc 

CIVe,  DIVb,  Olltc,  EfVa,  Elllb,  EHc 
OlVe,  ElVb,  Elite 
ElVc 


The  Inadequacies  within  each  group  were  then 
rank-ordered  according  to  accident  costa.  As  a  reault,  the 
ordered  tiet  comprised  a  “totem  pole"  of  aviation  hazards. 

8.  Integrate  Corrective  Actions  Completed  or  In 
Progress  to  Remedy  Specific  Hazards.  At  this  point,  only 
the  hazard  identification  stage  had  been  completed.  The 
next  step  involved  the  identification  of  remedial  actions  for 
system  inadequaclea  on  a  case- by-case  basis.  These 
prevention  actions  were  obtained  from  the  Army  Safety 
Center  aircraft  system  managers  and  were  Integrated  with 
the  TEIR  and  FIRE  narrative  for  each  accident  case  in 
appendix  F. 


9.  Identify  Hazard  Prevention  Requirements.  The  final 
step  (Item  91  was  to  analyze  the  collective  nature  of  the  FY 
79  aviation  hazards  and  to  identify  the  most  pressing 
prevention  requirements.  The  identification  of  prevention 
requirements  was  based  on  the  HSL  analysis  and  the 
judgment  of  human  factors  specialists  and  the  aircraft 
system  managers  at  the  Army  Safety  Center.  This  process 
allows  for  the  incorporation  of  prevention  requirements 
based  on  more  than  statistics  alone.  It  allows  for  the 
incorporation  of  specialty  expertise  not  always  available  to 
accident  investigators,  as  welt  as  for  knowledge  of  hazards 
that  transcends  that  found  in  an  accident  report,  i.e.,  state- 
of-the-art  prevention  capabilities. 
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Analysis  off  FY  79  Inddants 


This  appendix  presents  the  results  of  the  analysis  of  the 
56  Army  aircraft  mishaps  classified  as  incidents  by  AR 
386-40  and  reported  to  the  Safety  Canter  during  FY  79.  The 
$746,000  cost  attributed  to  these  mishaps  wee  47  percent 
less  than  the  $1,422,000  cost  of  the  163  incidents  reported 
in  FY  78. 

This  decrease  in  cost,  indicated  in  figure  G-1,  began  after 
a  peak  of  slightly  more  than  $2  mMion  was  reached  in  FY 
77.  The  decline  shown  for  FY  78  and  FY  79  unfortunately 
cannot  be  attributed  to  prevention  measures.  Rather,  the 
decline  primarily  results  from  an  FY  78  change  in  the  criteria 
used  to  classify  incidents.  As  a  result,  68  mishaps  in  FY  78 
that  cost  $261,667  and  196  mishaps  in  FY  79  that  cost 
$1,196,377,  which  before  FY  78  would  have  been  rliasifled 
as  incidents,  are  now  classified  as  precautionary  tanrflngs 
with  damage. 

A  more  effective  incident  prevention  program  is  needed. 
This  need  was  anticipated  in  1974  whan  NOE  and  other 
modes  of  terrain  flight,  particularly  for  rotary  wing  aircraft, 
became  a  tactical  requirement.  As  expected,  the  frequency 
of  blade  and  airframe  strikee  with  trees,  rocks,  wires  and 
other  objects,  and  flight  into  inadvertent  IMC  due  to  dust, 
snow,  etc.,  increased. 


The  increase  in  average  annual  cost  of  incidents  has  aieo 
pointed  out  this  need.  Over  the  8-year  period  shown  in 
figure  G-1,  the  average  cost  per  Incident  increased  mors 
than  fivefold,  from  $2,400  in  FY  74  to  $13,000  in  FY  79. 
There  are  indications  that  the  average  cost  of  incidonts  wN 
continue  to  cUmb  as  more  expansive  aircraft,  e.g.,  AH-1S, 
UH-80,  OH-68C,  CH-47D,  join  the  fleet  and  as  night 
operations  increase. 

A  special  program,  however,  is  not  advocated  or 
required.  A  review  of  the  system  inadequacies  in  table  G-1 
and  a  reading  of  the  3W  narrative  analysis  of  each  incident 
in  this  section  wM  show  that  the  causes  of  incidonts  and 
accidants  are  generally  alike.  The  only  deference  between 
the  two  is  cost  which  is  often  a  matter  of  chance;  for 
example,  having  a  place  to  safely  land  whan  a  failure 
occurs.  Therefore,  increased  attention  should  bo  given  to 
preventing  the  causes  of  incidents  and  making  this  effort  a 
more  integral  part  of  the  aviation  safety  program. 

There  are  many  reasons  why  the  prevention  of  incidents 
has  not  received  the  necessary  attention.  The  dollar  cost  of 
an  incident  is  much  less  than  an  accident;  the  incident  rate, 
unlike  the  accident  rate,  is  not  used  to  measure  safety 
performance;  and  the  absence  of  injuries,  aepecMy  fatal 


or  crippling  ones,  greedy  lessons  tho  concom  of 
authorities. 

Thooo  worn  help  explain  why  the  prevention  of 
inddente  hae  a  low  priority  among  aviation  raaource 
managers.  A  change  and  a  redirection  of  prevention  efforts 
la  in  order  if  the  objective  of  the  Army  aviation  safety 
program  ie  to  be  met.  Adoption  of  the  philosophy  that  by 
eliminating  or  reducing  inadequacies  in  the  aviation 
system,  a  mors  efficient  system  will  reeult,  would  be  a  step 
forward.  If  the  system  operates  mors  efficiently,  task 
errors,  materiel  failures  and  malfunctions,  and  environ¬ 
mental  influences  on  man  and  machine  will  be  either 
reduced  or  eliminated. 

The  analysis  of  incidents  could  not  be  as  complete  or  as 
thorough  as  that  for  major  accidents.  This  shortcoming  is 
attributed  primarily  to  fire  quality  of  the  Information  on 
incidents  provided  the  Safety  Cantor.  The  incomplete 
information  points  out  that  investigations  are  inadequate 
and  that  steps  are  not  being  taken  to  insure  that  pertinent 
and  eaaential  data,  i.e.,  the  3Ws,  ie  reported  ee  requited 
by  AR  96-5.  This  observation  is  supported  by  data  In  table 
G-1 .  Of  the  77  system  inadequacies  listed,  28  could  not  be 
defined  because  of  a  lack  of  information.  The  28 
inadequacies,  whatever  they  may  have  been,  accounted 
for  39  percent  of  FY  79  dollar  losses.  The  lack  of  causal 
information  severely  hinders  prevention  measures. 

This  strongly  suggests  that  the  first  step  to  be  taken 
toward  a  more  effective  incident  prevention  program  is  to 
conduct  more  thorough  investigations  and  submit  more 
detailed  reports  as  required  by  AR  96-6.  In  recognition  of 
this,  the  Safety  Center  in  the  20  February  1980  issue  of 
FUOHTFAX  published  a  worksheet  to  be  used  in  the 
preparation  of  a  preliminary  report  of  aircraft  mishap 
(PRAM)  (page  124).  Careful  adherence  to  the  require¬ 
ments  of  the  worksheet  wfll  improve  the  quality  of 
the  information  gathered.  Particular  attention  should  be 
given  to  paragraphs  12, 13,  and  14.  These  items  solicit  the 
3W  information  as  described  in  the  method  section 
(appendix  E)  of  this  report.  Officers  appointed  to 
investigate  incidents,  especially  first-time  appointees. 


should  be  instructed  to  review  the  requirements  for  a 
PRAM  in  AR  366  40.  Review  of  appendices  G  and  H  in  this 
report  would  also  be  beneficial. 

Operational  definitions  of  the  system  Inadequacies, 
listed  In  table  G-1,  are  found  in  the  narrative  analysis  of 
incidents.  These  definitions  can  be  easily  located  through 
the  use  of  one  or  mors  of  the  matrices  in  this  appendix. 
The  definitions  are  indexed  by  case  number  with  respect  to 
the  aircraft  involved  and  also  by  the  task  errors  or  materiel 
failures  identified  in  each  case.  A  matrix  of  task  errors  and 
materiel  failures  by  aircraft,  indexed  by  case  number,  is 
also  provided  on  page  127.  The  single  incident  omitted 
from  these  analyses  was  of  a  C-12A  on  landing  roll  that 
collided  with  a  deer.  The  damage  to  the  C-12A  amounted 
to  136,000. 


Subject:  PreNminary  Report  of  Aircraft  Miehep,  CS6PA 1880  (MIN) 

1.  e.  Date _ _ _ b.  Time  (local) - 

c.  □  Dawn  □  Day  □  Dusk  □  Night 

2.  Give  dietanca  from  mishap  site  in  direct  nautical  mflea  and  direction  from 
geographical  feature;  otherwise,  use  latitude  and  longitude. 


military  installation  or  prominent 


3.  a.  Aircraft  type,  design,  series  _ 

b.  Compiets  serial  number _ 

4.  a.  Unit  identification _ 

b.  Unit  identification  code  (UIC) _ 

c.  Home  station  of  unit  operating  the  aircraft 

5.  a.  Mlahep  claaaiflcation  _ 

b.  Actual  or  estimated  cost _ 

c.  Brief  description  of  damage  _ 


6.  a.  Operator's  duty  (IP  or  pilot)  _ _ _ _ 

b.  Name  (last,  first.  Ml)  - 

c.  SSN_ _ d.  Grade  _ : _ 

a.  Unit  assigned  - - - - — 

f.  Home  station  _ — - - — _ 

7.  a.  List  all  other  crewmembers  (name,  SSN,  grade,  duty  position,  unit). 


b.  Number  of  mWtary  occupants  on  board  (other  than  crew) _ 

c.  Number  of  other  occupants  (other  than  craw) - 

8.  List  aN  injured  personnel  and  give  the  following  information  for  each: 
degree  of  injury. 


name,  SSN,  grade,  duty  position. 


3.  a.  Mission _ b.  Type  clearance  (IFR  or  VFR)  - 

c.  Destination _ d.  Timeinflight  - 

10.  Phase  of  operation  (landing,  takeoff,  etc. ) _ -  . . 

11.  Description  of  how  mishap  occurred.  Begin  with  first  indication  of  emergency,  matfunction.faiture,  or  unusual 
occurrence.  Include  crew  response  and  reaction  of  aircraft  to  control  inputs  if  other  than  normal.  Include  airspeeds 
and  altitudes  agl  as  necessary  to  aid  in  description.  Include  density  attitude  and  gross  weight  where  inadequate  aircraft 
performance  is  a  factor  (inadequate  power  for  conditions)  and  describe  termination  of  problem  (landing,  further  dam¬ 
age,  procedures  used).  Give  details  of  any  ejection  or  bailout. 


Note:  For  Class  D  and  E  mishaps,  add  the  following  Information  when  known;  for  each  cause  factor 
Identified  In  Itema  12. 13  and  14,  tall  what  caused  or  permitted  It  to  happen  and  what  corrective  action 
should  be  taken.  If  Information  Is  not  known  within  24  duty  hours  of  mishap,  provide  via  supplement 
report  aa  aeon  as  known. 

12.  Describe  each  environmental  cause  factor  and  how  It  contributed  to  the  mishap. 


14.  «.  Describe  Mch  materiel  failure  or  malfunction  cause  factor  and  how  it  contributed  to  the  mishap. 


For  each  failure  or  malfunction  identify  the  following: 

b.  EIR  control  number  (block  3  of  SF  306) _ 

c.  NSN _ 

d.  Part  number  (obtain  from  tailed  part)  _ _ _ 

a.  Nomenclature  of  suspected  or  felled  part _ _ 

f.  Name  of  publication  from  which  nomenclature  obtained  _ 

If  major  component  failure  or  malfunction  contributed,  additionally  submit: 

g.  Component  model  _ _ _ 

h.  Series _ I.  Serial  number  - 

J.  Total  time _ 

k.  Time  aince  overhaul  (to  nearest  hour)  _ 

l.  Overhaul  facility  _ 

m.  Date  of  last  overhaul  _ _ _ _ 

n.  Previous  storage  history _ 

o.  Cause  of  faNure _ 

p.  Pnwr— Mings 

Q,  Significant  InrSctions 

WOTi;  Pot  eeoh  separate  hiw  or  malfunction  that  oontHbuted  to  the  mishap,  rspm  item  14. 
16.  a.  List  other  personnel  injured  ao  a  reeult  of  mishap.  _ _ 


b.  Brief  description  of  damage  to  government  or  public  property  other  than  the  aircraft. 


16.  a.  Date  nearset  FAA  tacIHty  was  notified,  if  required  (AB  96-30). 


b.  Brief  description  of  any  violations  to  civil  or  military  regulations  (If  none,  ao  state). 


c.  Classified  material  □  was  □  was  not  on  board  (for  missing  aircraft  only). 

d.  Aircraft  □  waa  □  waa  not  serviced  with  fire  resistant  hydraulic  fluid. 

e.  Dangerous  or  hazardous  material  □  was  □  was  not  being  transported  at  time  of  mishap. 

Material  □  did  □  dkl  not  contribute  to  mishap.  Any  other  information  pertinent  to  hazardous  materials  being 

transported  at  time  of  mishap! 


f.  Aircraft  □  wee  □  waa  not  performing 

□  authorized  □  unauthorized, 

□  supervised  □  uneupervised 

(1)  Terrain  flight:  □  low  level  □  contour  □  NOE 

(2)  □  Tactical  IPR  training 

g.  USASC  wil  psriodtoaBy  ieeue  instructions  requiring  the  reporting  of  other  specific  data  pertaining  to  mishap 
prevention  problem  areas.  Such  data  will  be  reported  In  this  subparagraph. 

4*|  S*_  —  - ,Mat i — * - *r nniSanl .  tlame 

1/ 1  rw  bQwUOimI  iiironTHwOiii  conuci>  I'WnW  _  _ _  —  -  -  . — ... 

Address _ 


Duty 


Telephone  number 


i«*n 


TOTAL 


3 


m\\ 

!  till 


■“  s  fill 
iiil8f 

881135 

is 

_  a  . 

1»? 

1*1 


t  o-t 
Jr  ■#-*  <D 


oil 


ill!1 
ill  1 

*l|! 
s|  i« 

**«• 


is  iwm 

3  ‘Wli 


1 1!  11 
'Si-lg 

iiiii 


14 

ill 


IHii 


1  32 
Is  si  5 * J5 ^ I 


e  til f € 
111*  Ie 


Ill 


=  o  4?  r>  --O  '  V 

“1  -  i  ®  3  |-S|  • 

Tto  &  ®  0'S  5  m 


isS^i 

£  9  a  £ 


!i  ilili  4?i 

g|ti«  fllili  itl 

lift  filiiril. 

nil  III  ill  lilf 


311 

<21 


ag|  f-rj 

i;|8l 

SCSI 

|!*S 

li  a 

ejsl‘1 

E  I  E  5  ■£ 
(3  -  n  ? 

S  ®  3  'C 
C£.S  3 
N  SI-  >15 


III 

f?|i 

m 

I  .-i|| 

“|‘5J 


9|«2li 

°1]|I 

1*1 1 

j!ii 

Is  is 

c  ►  ?  1 

S|l|| 

Nil 

§si*t 


31ft  S 

rO.2?  © 

alii? 

I  is,! 

«  Jl  c| 

«  1 11 8  | 

111*1 

■Sfllcl 

=11,11 

(D  E  §€  I  £ 


c£0| 

iisl 

|s  ?« 

fill 

ini 

ill* 

s||« 

ShJ 

5lil 

in  cr  5.0 


llfill 


o  9  t 
c  Q.  O 

1 1  ? 


W  <0 

§  odS 

^  c 

SOD  C 
CD, 2 

£’C? 

“fi 

I  a  *  . 

o  c  ■£,£ 
'C  ®  a 

«  3  2  ?? 


>  u 

I  f  *1 

k  g  C  ~ 

§  S  Hi 

lid 

Ilil 

*  c  1  " 
|.§!  * 

ilk 

nit 


!  « 
sn¬ 
iff 

s.f  i 


115  . 

ts  ^ 

•  »§  s 

fi  c  u 

|8°  S 

■s 


HJ 


I 

) 

I 

> 


!  8 


brake  (tec  fated  as  a  reeuit  of 


Unit  should  taka 


ill 

1*1 


mm 

—j 


ifiji}, 
..iliilllil 


Ijiiih 


mm 


i 

*|sM§ 

f »*■§« 1 1 1 


4l« 

ii«l 


lliti 


^  S  I 


Um 

Is  5 1 


Pi 
ji  Hi 

d5!fSf 

°t E i a 

«  fill  if 

|||  gS  ^ 

■of?  *l8§^OI 

mnnu 


i  ifi  g 


S  *0  2 


iill.Wl! 


jljiijj'jli 

ill  lliilil 


severe  skidding,  led  CCAD  to  conclude  that 
the  bearing  probably  failed  as  a  result  of 
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AppondfacH 

Mishap  History  of  Port  FaBurot 


This  appendix  presents  the  mishap  hiatory  of  Army 
aircraft  parts/ components  (haraaftar  rafarrad  to  aa  parta) 
that  failed  or  malfunctioned,  causing  or  contributing  to 
1.662  materieTraiatcd  miahapa  during  FY 1979.  These  parta 
ware  reported  under  720  different  part  numbers  and  were 
distributed  by  aircraft  type  aa  follows:  263  UH-1  parts,  106 
OH-68  parts,  97  AH-1  parts,  92  CH-47  parts,  38  OV-1  parts, 
and  37  U-21  parts.  The  remaining  86  parts  were  distributed 
over  the  other  aircraft  types. 

The  mishap  history  is  presented  to  solicit  the  support  of 
aviation  reaource  managers  in  an  effort  to  improve  the 
reliability  of  theee  relatively  low-coat  parts.  This  would 
ultimately  improve  Army  combat  readiness  through 
increased  aircraft  availability. 

The  requirement  to  improve  reliability  of  low-coat  parts 
was  documented  in  USASC  Technical  Report  79-4, 
"Survey  of  Forced  and  Precautionary  Landing  Cost,"  July 
1979.  The  survey  found  that  42  percent  of  the  forced 
landings  and  39  percent  of  the  precautionary  landings 
resulted  in  failure  of  the  aircraft  to  complete  the  aaaigned 
miasion.  Also,  on  an  average,  these  aircraft  were  out  of 
service  for  44  hours. 

The  report  recommended  "that  an  assertive  effort  be 
made  to  turn  back  the  long  history  of  failure  of  a  relatively 
few  low-cost  items  that  cause  a  disproportionately  high 
number  of  mishaps"  and  "that  a  similar  pattern  of  failure 
should  not  be  allowed  to  occur  in  the  next  generation  of 
Army  aircraft,  i.e.,  AAH,  UTTAS,  ASH." 

To  learn  the  mishap  history  of  the  720  parts,  a  search  by 
aircraft  type  and  model  was  made  of  the  Army  Safety 
Center's  aviation  mishap  file  dating  back  to  1  October 
1971 .  The  search  found  that  the  720  parts  contributed  to  or 
caused  64  accidents,  44  incidents,  247  forced  landings,  and 
6,946  precautionary  landings,  for  a  total  of  7,301  mishaps 
over  the  eight-year  period. 

Cost  data  were  obtained  by  matching  the  Army  Safety 
Center's  mishap  file  with  data  from  the  Army  Master  File 
Catalog  Data  Agency,  New  Cumberland,  Pennsylvania.  In 
the  tables  by  aircraft  type  (page  156),  part  failures 
attributed  to  inadequate  maintenance  are  listed  under  the 


column  labeled  NUM  MTN  OCC  (number  of  mainte¬ 
nance  ooourrenoea). 

The  10  parts  reported  to  have  failed  moat  frequently  in 
FY  79  are  shown  in  table  H-1.  The  total  cost  of  theee  parts. 
Including  two  fuel  controls  costing  19,750  each,  was  less 
than  421 ,000. 

Six  of  the  10  parts  have  a  combined  mishap  history  of 
1,391  failures  dating  back  to  FY  72.  Three  of  these,  two 
switches  and  a  battery,  head  the  FY  79  list.  Three  of  the 
ten,  two  pressure  switches  and  a  submerged  pump,  have 
the  same  manufacturer  code. 

The  two  fuel  controls,  from  the  same  manufacturer, 
have  an  interesting  history.  The  latest  version,  indicated  by 
an  A  suffix  to  the  part  number,  has  failed  32  times  since 
November  1978,  the  date  of  its  first  failure.  The  first 
reported  failure  of  the  older  version  was  August  1973. 
Twenty-six  percent  of  the  combined  121  fuel  control 
failures  were  attributed  to  the  latest  version.  Each  of  the 
fuel  controls  was  reported  in  21  mishaps  in  FY  79. 

Switch  failures  were  reported  more  often  than  any  other 
parts  failures.  During  FY  79, 60  different  switches  (by -part 
number)  of  13  different  manufacturers  accounted  for  15 
percent  of  the  part  failures.  Over  the  8-year  period,  these 
switches  acounted  for  17  percent  of  the  part  failures.  By 
aircraft  the  different  switches  to  fail  were  UH-1  - 17,  AH-1  - 
9,  OH-58  -  6,  and  CH-47  -  5.  The  cost  of  the  50  switches 
range  from  a  low  of  $1.32  to  a  high  of  $1,357,  with  30 
switches  costing  lees  than  $40. 

Figure  H-1  shows  the  fiscal  year  in  which  the  720  parts 
were  first  reported  in  a  mishap. 

A  review  of  available  date  did  not  disclose  a  plausible 
explanation  for  the  high  percentage  of  first  failures  in  FY79. 
The  forced  and  precautionary  landing  survey  mentioned 
earlier  revealed  a  U-shaped  pattern  similar  to  that  shown  in 
figure  H-1,  i.e.,  a  higher  percentage  of  first  failures  in  the 
first  and  last  years  surveyed. 

This  distribution  of  first  failures,  together  with  the 
findings  of  the  survey,  may  indicate  the  onset  of  a  failure 
history  for  the  324  parts  first  repotted  in  FY79.  To  prevent 
this,  commodity  managers  and  reliability,  maintainability. 


FISCAL  YEARS 


■no  produce  owurancd  porsonnoi  mw  utqn  to  ravww  me 
Mura  cm—  of  Ih—  porta.  By  aircraft  typo,  tha  UH-t 
accounted  for  36.8  percent;  AH-1,  16.0  percent;  OH-68, 
13.3  percent;  CH-47, 13.0  percent;  OV-1, 7.4  percent;  and 
U-21, 6.6  porcant  of  tha  FY  79  firat  Mum.  Tha  retraining 
8  percent  were  datributad  over  lower  denaky  aircraft. 

The  eight-year  hiotory  of  tha  maintanance-feiatad  part 
Mu—  ie  btdfcated  by  aircraft  typo  on  page  186.  Th— 

nkkA  Mute  4A  we  aMM 

am  mnjw  niiv  pvn  wvui  iu  of  moro  msnivnpiGViiNiMi 
Munc  UH-1  actuator.  P/N  1106010001  (23);  UH-1 
battery,  P/N  MS244861  (22);  UH-1  actuator,  P/N 
17000006 110);  AH-1  gaaket,  P/N  2D60401671  (16);  U-21 
switch,  P/N  MS  234411  (17);  UH-1  packing,  P/N 
M82677B4  (14);  UH-1  chip  detector,  P/N  67626  (1);  UH-1 
locknut.  P/N  AN690006  (10);  and  OH-66  awltch,  P/N 
124112230  (10).  Of  tha  77  actuator  ni—d  mishaps,  42  (66 

Severity  of  aircraft  mishaps  dM  not  ralaaa  to  part  coats, 
i.e.,  tha  more  coady  porta  dM  not  oauas  aoclda— .  tha 
moat  aevera  miahap.  Table  H-2  ahawa  diet  tha  coat 
(62,406)  of  parta  that  cauaad  76  parcont  of  pracoudonary 
londb—  ia  abnoot  twioa  tha  coat  (61 JBI  of  die  aorta  that 
cauaad  acoidanta.  Fifty  parcont  of  tha  more  than  7,000 
mvnniHiinfa  nwM|)i  vroro  gsuoto  uy  pw  vmi  ook 
Mac  than  6160. 

Many  oedono  muet  be  taken  before  a  marked  reduction 
In  th—  Mu—  oan  be  raafaed.  Tha  objectMs  of  th— 

WalLtaM  IhA  LbumamjI  eMtmlldej  eauf  IkMiiia  alia 

■dHJfW  mHIK  Dv  vnprowa  inQ|  (rat lOa^  um  y 

of  thaaa  low-coat  parta. 

Tha  long  Malory  of  Mura  of  many  of  th—  porta 


suggests  an  evaluation  of  the  design  specifications  and 
operational  requirements  upon  which  these  specifications 
am  based  may  be  in  order,  it  may  also  be  necessary  to 
examine  manufacturing  standards  and  practices  that  have 
die  capacity  to  degrade  the  maintainability  and  reliability  of 
th—  low-cost  Items.  Improvements  in  any  of  th—  areas 
would  become  evident  in  the  miahap  history  of  th— parts. 


IMOTI:  Tha  Information  in  this  appendix  must  not  be  used 
in  a  manner  that  wN  diecourage  or  even  tend  to  discourage 
aviators  from  making  forced  or  precautionary  landings. 
Their  Judgment  concerning  when  to  execute  either  s  forced 
landktg  or  precautionary  landing  should  not  be  adversely 
modWIad.  Tha  objective  of  this  information  la  not  to  restrict 
aviators'  —  of  th—  maneuvers  but  to  reduce  the  need 
to  rafyenth—  maneuvers  by  avoiding  the  causes. 


CM  —  -*  — 


m  N 


»4^HffMfsi4jW^frmooirMm4j«fo4  4 

CM  —I  — 


2  ^^NNM<NiX'N'MN'MNNN---<-<h 

UI  ^  ^  H  H  ^ 

■* 

at 

m  J^JMOO^QQ(0h«O-4OOOhOOOO«4^OOnO^OOOiOOOOOnOOOOhO^hOOOOOO 
a  U.  — 

X 

oj 

S^IMOOOOOOOp-^fgOOOOOOOOOOO^OOmOOOOOOOOOOOOOOOOOOOOOOOOO 

a.  n 

< 

M  o«40^00000fgOOOOOOOOOP<VOOOOOfMOOPOOOOOOfgOOOOOOOOOOOOOOO 

X  « 

if  UlMONlMhxON^N^Hpi^ptNAI^ON^hAMHNfD^OmMMOHOO^MfOOO^O^HOOOOOx 
ZS  C  N  «■*  n  N  N 


8MaQN#«QOQQNO(n4  4  4hOQfflNOp4NOOOOeQOOOOOOOea9QQOOQOOOin9‘ 
rp«0IV^9e05oNONnB^Q50OOON50  00NoOO6^O^MM«^OOO&O-4OO4i0 

^  U1  4  H  tf!  K  v  fn  4  N  O  o  CD  tf>  m  ^  O  9  4  4  N  o  *  'n!«ir^f3h^N40hw«>hiyao»I^^J«f3hVw«H 
«  n  4  fft  4  4  W^CIIC«(|,9MN«H4NV\N  pH^»4QN«DM«IMOn4-C^4A  4(^mOO>^N«N« 
a  II  m  P4  N  h  us  Q  C  IN  H  H  9*  VS  ^  US  H  h  H  «4  H  —  O)  N  N  ^  N  h  p> 

»  ft-  * 


U  ft-  I 
*/i « 


X  *.  at  I 

SUi  A.  I 
X  ►  _  I 


v>  u. 

CM 

«/> 

X 

V) 

UJ  ft- 

</> 

Xtt 

at 

m  at 

0  z 

i/S  X 

<  O 

X 

Ui  UJ 

ft.  UJ 

UJ  u 

ft-  V  0  UJ 

Ui  UJ 

at 

at  O 

X 

-j  at  < 

0  I/s  4  0 

X  0 

at  ft.  x 

at  x  ui 

J  ft- 

0  ft  ft- 

Ui  0ft-  70 

—  nr 

•4 

UJ  — 

>-ac  >- 

►  4  M  Z 

-»  UJ 

O  O  at  at  tt  Z 

at  uj  uj  a .  uj  at  x  ui  uj  a.  ui 

«/»oOjt5  oo  at  at  o  x 

sssssfi  ssfe  2  5*2  ess 

a.  Ui  x  ft-  x  uj  K  -J  u»  «  ft-  at  -I  *-utiu 

A.  »-  0  X  «  o  ft-  V  ft-  rt »_  r»  V  or  ft-  4  i 
|!)C3<HUU  JUIM^UOOC  *-  O  I 

HO^OWgll  OXOft-X^  ZZft-XxotZi 

U  SuiC  UOftf^OOMM<  uy  UJM  . 

h  &  a  ja  z>aft>ft-uiz^>uu3hZOu)' 


)  u  0  4  4  « 

’  UJ  UJ  U  JAM 
jwuiuii 
IZ4IUOZZI 
:oanz<uj; 
o«u.*-ac>‘ 


;  «/s  at  _* 
iw  a  nv 

•  <  C  ft-  o 
;  ft-  < 
IJ  0  fit  o 
I  111  —  UJ  > 

•  Z  w  Z  tt 

’  4  UJ  UJ  UJ 

•  CL  at  O  «o 


—  X 
zu.it  a 
#ZC3 
<  3ft-  0 
lfi.4  UJ 

p  ft.  > 

X  «J  ft-  X  *J 

0«U3< 

ocaa> 


o  o  z 

*-*  >  X  -J 

oa  -)4 


-oaoi*)Nft*mn>aMHft.^H4®uu'HO 
X  m^oo  a«  aaKft  ^  a  r .  0  if >  us  r . 

IcH'* - — 


h>  4  ooo»«ft  arAiMNNOvhK  uja^M^H-^oon 
*  4>  4  4  4  mi«  rtrtenKSWKHnmNNNMNNNNfyiNMfNHrtP<M 


Z 

—  CCS 

CCS 

ft 

ft  «  — 

4 

—  u  CO  4 

0 

X  O  C*s  CO  4 

Aft 

ft 

0*4440 

o« 

•f  W  -  HI  w 

CM  1  O 

%t  ©  CM  C  4 
f  MNft  H 


ONOO 
4  x  x  m 
o  ft  ©  4 
M  X  CM  * 


If  If  CM  0* 
tONW 

2S8S 

OHW4 

0000 

IT4 

coco 

CM  CM  CCS  CM 


AD 

00c 
or  m 
-a  o  a.  « 

4  f  Nil 

hCOn 

hONU) 
03  CM  CM  » 


4  e  1 

CO  CCS  4  | 

05^1 
x  cm  o  1 

CM  4  X  I 
UI  A  Ol 
X  AD  CM  J 


a  o  — 

O  a  «D  CM 
O—  C  — 
AC  Of 


—  ft  -4 

If*  IT  OOAL 

Sr N  Oh  0  « 

—  «-!  H  o  o  o  n  N 


'  4  4  —  ft 
4  4  If  CM  I 

rfrff  h 
4  4  or  cm  I 

C  ft  MIC  1 
If  4  fSCM  • 

—  oxo 
■  e  o  r»  © 

'  c  c  ©o  < 
eouc  1 

’  CCS  CM  — X  ■ 
0  4  441 
I  X  4  —  —  I 


o 

u  4'  4 

'it  ^  X 

)  li  l*S  O  CD 
ftNCU' 
>400  0 V 
’  •»  4>  ft  — 
If  «U)  IT 

•  ft  —  x  4 


s  o  ft  a  «m 
ir  re  m 
X  ©  ft*  4 
X  CM  IT  4 
ft  4  ft  ^ 
O  —  4  tf 

0  O  —  ft 

*0000 
I  o  o  o  c 
I  O  C  If  c 
X  If  —  x 

4  4  4  m 

4  —  —  X 


y,v.  ;•  .*■  ■.  -  .-.*•  •*-  .••  .*•  .■- .  - , .  -  • .  •  '• 

>.•>. v/.-t-.  ;-.; .  •  •.•.%■.  •.  ••.  •.  .  •-•.•- 

a^v2£g££&££,' :v:-»;:v:v:v •.:•••:• 


v* V-V-V'.V-  .'•  .--  ■ 

■.••*  •-*.-•  v-‘.  ■' 

\  ••' .  v .  -•V-V'-V-V'.'  -V*  V\.  ■.••'••.' 


<#  1*<  1*1  *  (\J  m  J  HN<l*«N^NnANnHnt<><rin><4NxNnlMNI 


44«9<AlAlAIA««^^440MNN\<M3Q-4340<>0«9«»«»>»«a«Ntg*hSM>4^Mn4«««4444 

aoonoaooooi^^OAOoooou^ooouoooNOOQHoaouoo^ooooooooosoaoaoooo 

oooxooooooooeomooooooooooooooooooeoooooooooooooooooooooooo 

ooo  —  ooooooomo-.ooooooo-.oooooooo-.ooooooooooooooo-oopsiooocoooo 

eoinoorgoo^oo-<«oo  —  MOu'f'Oc  —  oooif'ooo  —  --o^mooo-<ivooooorvjO»<oooooo 

•4 

9»t»<QQnOOOKOQOiONQOQ0lOh'OaOQO4ONNHOff1(|'QO9>OOmKHirNO(D(D4OO«<4^hH0< 
Airmooooxo^ooa^o^ooo^mao  flDo5intf'0^o04  4<M5oif)4  0Hn^o«oaDina5ocDK«cDBhn 

m«*  r-  <6  *  ro  MinMnN^*CB90«4  ioonKurr^NO'^N  — *  rvj 

m  <0  **  m  o  f-  *4  —  *  —  f-  o*  oj  *■  m  r-  **  4^n  «40ir  n«  **  m 

^  *H  *1  If>  ~tf  -4  *4  —  00  ITS  —  MO  —  <4  M  *  *  O  M  M  IT  -*  M 

*4  —  —  M 


n 

o 

z 

o 

»- 

-  < 

K 

o 

or 

u 

o 

K 

X  j 

< 

z  o 

X 

UJ 

UJ 

UJ 

_» 

O  UJ 

ac 

UJ  UJ 

a 

Z  V 

z 

i/» 

o 

o  z 

<  -J 

UJ 

u. 

o 

< 

or  < 

5 

Z 

m 

v  i/i 

a  i/i 

V 

>  a 

or  i—  u. 

z 

UJ 

O  or 

<  UJ 

►  >• 

>■ 

< 

ac 

M  Uj 

UJ  UJ 

<✓> 

— 

UJ  >- 

UJ 

— 

O  UJ  >■ 

-J  oc 

O 

.VMM 

a 

z 

m  or 

Z  Z  ►  «A 

a  a  </> 

Hocaruiftorctfj 

ot  z  or  u>  ►  or 

<  CO 

n «/» «✓»  m 

iuxu  z  a 

hUlU  J  UJ  Mttl  * 

£»-  *  -*  x  x  >  x 
<  •-•z  ►*  «<  o  _/  o 
OtOng4<n 
<wuo« o.  >  _i 


n 

►-  o  •- 

<  *  X  I 
jObOUl  o 
a  z  »  .Ji¬ 
ll  z  <  <  *-< 

lii  «  Of  «S  UJ  ■* 
ttUk  >MV) 


Q 

4/>  O  •— 

8  Si: 

J  J  >C  ^  ' 
-J  «a  u  «J . 
Lb  U.  «  O  l 
<£  t/>  a.  t/>  i 


Mh 

X<  <  U  W  UJ  < 
MQCO  JlUUihUUJ 
ZU)MUJZZtfM> 

l*ZOZZZ«Q_J 

iauiZ4CDbZ< 

UUV)M> 


CL  O  O  O 
ZZU) 
UJ  —  — 

>  _»  *  or  a. 

_J  <  O  <  Z 

<  UJ  <  U  -I 

>  wft.  ea 


ci  mi  i/i  n 
b-  4  </)*•» 

u  z  << 

uj  or  u  u 

ZOf-UJM 

Z^ni/»Q 
o  o  •»  xz 

OXwO^ 


J  *>  o  oz 

I  O  I-  z~ 

uac  3v)  ** -j 

h^OM  jtf  a 
«Z«ifl<43 
•»  o  —  UJ  UJ  UJO 
i/)UOftlfl(CU 


.*•  .S 

mi 


NHMNNOHrtrtOHOHOOONHPiNONHOOH-iMMOHHHOONNNmO-OHNNNOOHNdNHOHOON 
Oin>4iOHH«P40NHHO(N4ir  ^h»NOa«*>*4*4N^ir»4|rWH<0'ir»rH«WflDNO^^^O-  OMTP<h^N«^N  «oe 
^ONOONOOHMON^OOOOOO^HOOHOHHOMOO^COOOOOOeHHOOOCHOOOOOOOOHOO 

nmhh^o  a  *-irKinmm,©MM4-xx-iAO‘inmmMirr«-  <0^0 


immmmm— — •4ooooooo0'a'a©a'0'a&<E>cD<r>cDcrr-r^r^f-r-^r«-r-'£)'£>«o>0»r'0'0N0 


m 
4  m 
^  * 
•  O'  It  M 
h  C«Oi 

e*2S; 
oornr  < 
mx  «/•  o  ( 

p4<  r  n  : 


*  r  or*  < 

0  0  VC  I 

©<#  mo  1 
om  ^  m  i 

if  «fi  Z  «#  * 
C  4  ®  m  i 
O  *4  I 

e  o  o  o  i 

00004 

reirr  i 

0«f  0*41 
0  O  O  ^  < 
v«r«4. 


o  x 

V  IV 

>  i/>  x  m 

>  ilOf* 

*  i  t  4  i 

'  r-  A.  <C  O  <6 

Mif  z  m  m  — 

>  o  <©  m  o  o  m 

*  c  c  o  o  v  o 

r  m <4  N4CO 

i  a  h 


$ 

G  —  IT  HHH 

O  0*  r  n  it  o  4 

8Mn  <4  o  ^  o 
^  v»  m  h  o  r  M 

4  0  V  COnh  ~4  O  <V 

«l^^m4  4OCi40  IMN 
OMOOOOCOOOOO 
44  *  O  O 


r  i/' 

0  4  V  01  f-  —  ft 

4  0-Oh  W  M  0  < 

C.  4  01  O  4  ^  4  4  0—0 

—  IT.  4CNHNOC.I0I44I 

r-  o  m  —  x  o  o  m  —  —  © 


W 

m  4  <  t 
—  «  0* 
o  tr  a  «fi 
i  o  u  «.  u 

8U>  O  * 
O  If  N 
C  4  IV  ^ 
l  —  —  1/5  f\. 
)  —  X  Z  M 


s 

o 

ii  or  4)  ■» 
4  -*  I  -4*4 
4  u.  O  4  0* 
iv  if  iv  *c  ir 
ir.  ►.  —  K  01 
K  er  O  MO 
1/1  IL  V  l/>  IL 
r  ff  4  i  « 


if  r-  «  c 
r*  o  oo 

>  <*ir  ©  ir 

m  m  o  < 

•  r  «r  cr  o 

•  qc  0  r 
#  ir  cr  o 
coop 

>  ©o  ©  © 

!*2?£ 

•  o  **  r  <r 

I  If  <6  4  4 


crOv  i 

<014441 

m  4  o  m  i 

4-401 

l  —  —  M  o  * 

Ilf  HK  4  I 

4  10  4  1 

*  r  o  o  o  < 

>  c  o  c  o  < 

o  o  ir  ir  j 
I00N4  f 
0^0*  0  C  * 
I  IT  r  M  IT  «. 


» ft;  m  4  m 

•4  «r  m  o 

M  *4  fn  IT 
'  O  O  If  If 
100  4f 

4N  H  4 

M0rO 
1  o  o  o  o 
'  o  o  o  c 

IT  If  O  O 

0M0N 

O  O  45  * 

1  ir  fu  o  * 


m  «  —  m  * 
r*  CD  K  M  i 
4O0f' 
4404  I 
0  V  0  0'  I 
</  4  0^  1 
0  00  0  I 

o  c  ©  o  I 

o  o  c  c  * 

SSS£.! 

it  ir  •«  *v<  i 


*.v‘^ 

j  .»  ^  .  .•  < 


(WWW 


.■v.-.a" 


rT7' 


-Tyr^r- 


w: ir: yj  * 


—•cm  <M<M*MrM-^r«>fMiM-*-*iM-*»***ro<M.*w®*-***fM*M-***-*-*^ror\jfMmrOM.*rg**C4-*rM  —  cg-***.*rMfM<M.*.-i^csj.*~tr\i-t 


tfvo  ii>inm4i4i4%.ii4i*Mti\»n4-fi4<'04444444f»*4,4O444m.,*icci»«**ci<ci*>’n<M'Mi'ncM'A*ci:«i<nrci<*i<ncci-*<'*>fc>-**M'M-* 


OOQOOOOOOOOOOO^O^OOOOOOOOOO^OOOOOOOOOQO^HOOOOUUOOgOOOOHagO 


:§1 


0000000000*^0000000000000000^00000000000000^000000000000000 


OOOOOOOOOOOOOOOOOOOOOOOO-^OO^OOOOOOOOOOOOOOOOOOOOOOOfgOOOOOO 


000~«0-4-<-*0-404 


0000000<vjrg0~*0cg00«~*0*r>*^«-‘f^00-*— 40-*-H—iOO00O-*0O00-* 


ONOO 


o  o  o  o  to  o 
o  m  o  ©  4  o 
»(•••• 
O  CT  h-  <7*  4 

ir  —  a  4  4  a* 

c*l  4  f*l 

m  «o  r~ 


CO 

CO 

IU 


cm 

I 


Ui  U 
h->  £ 

«-•«/>  O 

Ls 

<co  -J 

£25 


v  a. 
V)  O 
Of  «/>o 

O  4  _j 


Z  -j 
u  < 


or 

ui 

o 


at 

n 

«/> 

CO 


«o 

at 


Ui 


o  o 


t/>  X 
CO  O 


4X&  • 


^  Jf 
:q^o< 

>Z  <«  0_j 
—  «oOU 


to  -tv 

*  dS* 

-I  «(I 

ffltt!  o  at 
zorzaiu 
4mm<Z 
a  s  or  Oh- 


at  a.  > 
o  n  co 

<  4  Sc 

at  at 
ui  Ui  a 
z  z  r 

UJ  ui  -> 

ooa 


►  at  _ 

co  a  at 


V  4  O  V 

Su,oa 

t-  >o* 
b.  JZZ 

<<«g 


ac 

n 


X 
►  O 


H®>«! 


:  irt  1 


Ss 

z  2 


at 

n 

o  *• 


Q<2i 

ZUi«- 

Nfi&l 


x  o  a  ui  0 

>-  >  uifitasflt 

to  »o  o  i  -  ■»  v  n 

>-  CO  CO  Z  O  h-  1-0 

«  «  Ui  <  Z 

Ui  JIUUIUV  JUW 

j£>>>Ctw 


—  at  i_uiuj&>> 


-i  o  o  o 

4h«ar«  h>  h- 
3  Q  UlUi  UJ  liHA  Ui 
OtOttZXhMMhOC 

-to  aow<<4n 
a  uisn«  «ih-  — 
MOZVMAZttll«4 

X  •—  to  Ui  O 

^h«tf aaaZhO 


o 


at  v- 
X  to 


^ 


lacu  J 
CO  Ui  40h 
3flCG 
Cl  VO 
UOft 


I  S  UJ  Ui 


o  K  > 

<  CC  •— 
j-t*-ai 
«  X  U  c 


hUiuia  >  >  >caM^hKffaaazhQ(AUi 
t.wMrt-iJJjBaOuJ<ui4ri<JZ4za 
-QOQ44  4  JMZ4  04lt-)n«HH^uiH 
diiu»>uiZN&(DOhka&t.ux0U». 

M^wh^NhaoNh  »0<«Mrh44iahN44hOHao>0'«4^«N  ^hhhfnNm®h«eir»h^h'-(M'WMr«oa 
*MM  IVJ-4HMONOrtNOHHHOMHOOMHOO^--4M-Nl«OOONOMOINjN-OOMHoNHOHMf\iOO-ONO 
0^hOHN4NK>KO^MOHfHM«OOOlOaOiraift*0*«‘«OM^inhPi||>WtOiHlP^hH*VMtrt®-4h^®BPih^ 


-  «  ”  ■ 


O(TKOHN4Nl0hOir'NOMf0NnOOOrt»O®eift«^C 
P40  0-^*^00-<00^00*^o*000-«^^0p^0000000^0^00000000-^00^0-^00-^0000000 

cm  *  hho  ac«w««i"^®9'Naoff®«^»(M^hO'NMMf>4  ®  4  aa><4tf>ct>a«orhO' 

hh  h  hhKhKhhfbhKhhhhhhhhhhhhhNhKhNKhhhKM*  hhhhhhhhhhhhhM 


4  3  «*  O 

h  * 

4  CM  •* 

OO  i  *  if  C  If  4 

<c  **o 

4  CM  -9  4  O  4  4  o  — 

^  4  r-  • 

4U.CM4404CM0 

0**4 

IM  *  4  O  CO  4  CM  O  4 

®  0*N 

40444^000 

O  O  O  O 

OOIHOO0HHO 

4  K  4  O 

4«0'O44CMCMCn 

O  •*  O  4 

©COu.'OOOi/'iOC 

CM  CM  CM  -* 

4  <M 

or  o  o 

>  O  CM  CM  O  • 
-IT  44«*4 
•  O  O  m  O  mm 
ihoro- 
KThir  O  4 
i  ^  e  r  n  t 
’  f  «4  ^  H  H 


C*>  — 
4  CM  -* 
4  m  © 

8co  h>  o 
0  4  4 
4  <  4  O  h 
MOh  mm 
Nrooo 

M®  Ifir  4 

e  «  o  o  o 

a  CM  CM  CM  CM 


w  CM 
**  4 
40 
4*« 
CM  -I 
(9  O 

*-  O 

X  CM 


c 

®  (A  H  H  H  fO 

h  4  N  *-  -*  O 
«  Z  4  O  ©  4  CM 
4®40hh4 
O  4  -*  *  N-tO 
4  ®  *t  h  h  O  4 

©  a  o  o  o  —  o 


Sa  4  0  4  X  4 
20  4  O  CMC 


_  O  4  < 

CM  O  CM  m  cm  C  CM 


h*  4  —  cm  4 
cr  r  4  4  — 
*o  4  cm  <r  ict 

4  CM  CM  4  *4 
O  CT  CO  CM  4 

F-  4  r  4  »r 
o  r*  ^  *•  9 
o  p  e  o  o 
©  o  o  ©  e 
o  cr  o  o  o 

**  •*  4  CM  CM 
<Mh  h 
«*  444 


•*4  4 
4  4  CM 
4  O  CM 
o  p  a 
4  CM  ** 
^  4  4 

o  £  •* 

O  O  O 
C  O  © 


®88 


f* 

her 

4*4 


cr  -« 
cr  a 

4  4 

i*  o 

CM  h- 
CM  O 
O  4 
-*  O 

o  o 

o  o 


4  4 


ff\  mm  M -04  m*  •* 

•*  *«  CM  4  4  U 
CM  4  4  4  4  4 
h  h  o-  o  a  o 
O  4  4  cv  4  a 
4  4  h  O  If  4 
4  4  4  CM  4  C 

oooooc 
O  o  O  o  c  o 

8  2  8  S  R  e 

r-  4  4  4  0  0 
4  44444 


m  cm 


4  o 
4  o 
U  4 
cv  — 
a  o 
o  o 
o  o 

O  4 

4  — 

4  O 
M  fM 


4  CM 
C  4 

4  e 
c  *< 
©  o 

O*  4 

fc§ 

o  c 

4  4  4  4  4 


CM  4  4 
m  If  4 

or  ff 
c  «u  cr 
r  icr 
•M  4  4  I 
O  4  4  I 

©  ©  e  < 

c  o  e « 


wor 

O  4  CV 

4  cr  m 
•*  -•  *n 
rMT 
«  O  4 
4  4  0 
©  ©  O 

©o  © 

4  4 


4  4 
•*  4 
K  O 
U  4 

m  <r 


4 

4 


8 
4  4  4 
4  —  *• 


O  4 

OO 

O  o 

4  4 


C  *h  4  4 
4  4  *•  • 

O  CM  h 
—  »^  h  - 
cr  4  CM  4 

4  -« r-  h 
CO  CM  4 

c  o  o  o 
o  e  o  c 

4  4  4  4 


4  4 
4  •- 


4  4  4  4 


IBB 


'it-CCi. *rv  <r< *r.  -.'.  tvr,  •Vw"*  /,v,  -V*"*  »%*'.  **.  •*. 

fryStoa&aBfcafi^ 


.■M000000«4000oj00cj00000000ca0tp000000cj0000c30000000000vj00a0000l30 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

000000000000tj00000000-<000000000000000000000000000000-.00000 

lMOOOOQOO^OOOO-iOO-<^00-<l'J-<OOOOf\JOOO-<-<00-<^rgO-<0  —  000-J000-<0-t-.0-"00-< 

nioo«ooiMaMiiN4«n«<cgo04xonS9'OOOOiNOiyiMii<o^4ii\xNm«nO««OhthNn'C«tiri 
0'oo<MOOf'-<oooirvir.  Of^M-oomir-ir^oo-JaoorgrgooiNrno— i«ocraor\Kir''OOfM<#iooo-»<i^ooo>e^ 


o«r-**r-oir«o 


o  Nnocn«^hNoi(ian4n^r  m  •* 

ioh4  4K 

m  n  *h  •< 

O'  P4 


MKiror^n>i4K 
MlflltN  /■iCV-Ol*' 
v\  m 


UI  > 

1/1  </l  £3  111  >■  *  *-  I  "  i/1  o 

ui  miii)-  uiaci/iiu  v  ui  u  u  i>  Ui  u.  —  u.  u.  u.  ill 

a  <0  a  j»m>  t-  _i  _i  <  i-  at  jO  j  _i  _i  7 

a  a  a  o  -*  « n  —  o  se  a  t-  <  V  n.  <  ar  <  uj  <  <  «  o 

ami-  o  cj  b-  a  >  h  a  ac>*9  I  c  I J  X  X  x  mac 

a  ac  0*0  o  »  ac  oc  >  z  ac  ui  i-  oc  oc  —  m  m  <x  _i  a  >■>>■>>■  v  >  u  &  « 

o  n  ui  on  or  9  i-  j  nOm  <  mac  rn  o<uiIO  isnuauiviuiviuiiAui  9  pc  9  a  Ui  m » 

P-  k>PI3  9  Z  <l-  9  3  9  O  9  <  rn  O  0- _  1-  <0(-0  ZuiZhiAMPIMPIIAM  Z^Z  9  *  I< 

UI  4«U|I|I1|-ZkIIZO>40ZZZ  ZU4I<0£  <  Z  111  •-  **  X  «  p.  ►*  *  ac  UI  1 

ui  o  in  ac  uuui»  juuxuiui  "»uui~  ocuuuiiiiuiu»>  joiu  iii  _j  ac  _i  »»  m 

w>u>.o.&i-p^p0Li-i-irjicj<ra[afj<juip«p>>Niciiia>tiiiuiiiiiiiiiiiiiiuiii3&iiiOjicIi|.plpp  ■ 
j  jDi  zi-Huiua-"*  zjziu<<<aKiiiZHOjjjooiiiijnCuiA0iAviiMiijn>n4uo:jjiiijjui. 
S4Z4  01Vl44ai1llia4«1lllllllll4>.1PpZ«4  4Z4J0<O3D0SBB!S4DZDu4U0O46a31 
u>u2uo.«iim3S.Oinvihu&Ju.B>iiUviiii9iiiua.>>uonu>Ui>xzillll>UKiiM&iiiB>>saazz 

0ioP0'0>niii0<c-oni<ii(iNHOomr‘NaNNao9apMrNmHaii4Or-oiii0  4i,iMii'iiK<M-iiii,i4i<ia4iiiN 
•irtOOOHNUOM*/UHIlll\lNuft|UOuN^ONUuOHHHft|NONOI*'ONIMOHNNAIuuftiNHMft|HftlOlftlO'i 
n«aff»iNnN»'«l<«'llll<IN4l('HHNP0N»N-iri|fNaurtu4«|H4lpuuu«0NaP«0«4H0l4<4K«N 
0000000>40000000000<-</Ha^<-<00«40000>4/4>400<-<000>400<-10000«4000>4000000 

»diM>ffOi,iMtii'<iMiIMi'(«)eM«(i"rii«iffea/iapuam(f»eepi(i4iMiaff(MMMoff»(>eO(MMMMi 

f'f^Kp-r'pp'r'p-o-p-f'p'r-p-p-r~f^p'h-p-f-P'r'r-p-KP-p-p'r-p-p-p-p-P-p-p-p~P'f'»--p-0'p'P'f-p'^^p-r'f'p'P'P-^r- 


Ul  4aCUIaIZhZNlIZU>40ZZZ  ZU4I4*  4Zlll>-  •“  Z  • 
111  U  111  ac  UUIU»  JUUXIlllll  muikUH-  OCUUUIUIUIUu>  JUJ  j 


mCMCMI'lMCMfUlMOJfUC'JIMMmcvrgniCMlMC'JiMCMIMlMnilMdJIMlMi'IC'ilMINIMlViMfMCMIMl 


o  u  -c,  ®  c-  ff  ff  u  i-  a  pi  o  ^  a  <a 
»40m4»»040N*00  O 
4aCOP44»l(l*'0«»Cl  O' 
P  4  a  o  u  p  p  <o«4  a  s  «4  0  4)  •c 

^  ^  ^  0  0  0  0  0  ^  ^  4Q  ^  ^  ^ 


9*>f*9 


IT  41 

9  » 

f-  m 

Ov  44 

♦  MiO 
OONO 

©  s  c  * 

N^ac 


*  r-  9  9 
9  If  9  9 
NO  f  • 
m 9  -*9 

wr 

Mfh  r 
cr-c 

©  ©  ©  *4 

©  ©  o  o 

??ss 

•f  9  9 

—  —  99 


h  ? 

SoSSo  ! 

9  r-  O  9  O  < 

O  M  O  9  O  4 
0*m  4  M  9  4 

H  C  o  IT  H  | 

—  tt  *  —  i 


©  9  M  9  *  ® 
-<  o  n 

*  *  9  ©  *-  © 
r  «  *>  r  c 
9  M  O  M  9  9 

ssssss 

o  ©  c  f  r  © 
or  occc 


< 

-4 

—  O  *  4 

(Mp<  ' 

IIT<6  ftOI 

i  ©  m  £  m  « 

,-OOIMi 

i  ir  «r  »40i 
MMmM- 
1 1/>  «/i  «/>  * 

(99994 


9*.  f*  M  r 

If  fft  f*-  o  £  m  9 


oSh  m 
9  a  p-»  r» 

-ooo 


C  -4  P~ 

O  MO 

M  T  If'  If » 

9  0  0^  m  *4 

4f.  *4  *  f*  ~  — 

—  9  9  «  ©  x 

X  IT  O  M  9  9 
c  h  r  4/>  pij 

z  m  4  9  —  * 


*4  M  « 

O  O  O  © 

it  -r  n 

9  «ft  9  9  *4 

ft  4|N  4  O  <| 

NOh  9  —  M 
4<ftWO 

f  hN^*4/ 

9  —  f*-  y  m  < 


$fS*8RSS}RSS 

•-*99 


M  M  IT  If  If  IT  IT  I 


ft4f« 
if  a  or  o 

e  9  *  9 

9  —  ft*  © 
9*  ft*  IT  •* 
N  r  hm 
m  9  9  «r 
o  ©  o  © 
o  c  ©  © 

mi 


MMItOM 
•9  M  M  9>  i 
9  9  «P  M  4 
•  9  r  o  €f  I 
'«f  I 
> <r  ft-  ©  p-  4 

«r  c  9  o  i 
>©©©©< 
>  O  ©  ©  ©  I 
‘  ©  O  O  ©  I 

P*  -  NP*  ' 

:  p<  p*  p*  c  < 

i  ft  ft  ft  ^  i 


»  it  9  if  *  9  4 
>  M  «r  9  9  9  4 

4C  NftOt 
i  C  -•  O  ft  ©  I 
ft0444l 
•  m  r  r  if  ft  4 

Sp«r  rt4 

r  ©  c  ©  4 
>  o  ©  e  o  o  4 

IRSS8SJ 

Jf  ft  JM 


o  9  ft  9  m 

4  n  h  f  o 
M  9  *  9> 

'NNlf  4Pf 

»  9  9  r  m  «. 

»Oft*4 
9  h  -  - 
>00000 
'©©©CO 

:RRS^S 

9  9  9  9  9 


9  9  M  9 
O  -  -  N 
M  9  9 
M  m  9  M 
9  9  9m 
9  If  9  h* 

9  9  © 

O  O  ©  O 

ocoo 

88SS 

^  «* 

9  9  9  9 


i* 


'  .>  .^,v* 


.»  ,*•  .«,  *  A  4>a  *  *V  4  *  *  •  >1  •  P%  -  •  p  '  I.  ♦  *  '  I 

(7- Aj*  *  A  •  »  .  *  .  A  *mn  •  .  A  A  A  -  .  *  .  A  ■>  .  * 

cMy aV/a>\>. 


OQOHOOOQOOQHOOOOOdOQOOOOOOOOO^OaOOOOO^OOOOUggOQOQOOOgOUOOO 


ooooooooooooooooo^oooooooooooooooooooooooooooooooooooooooo 


oooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 


0 

0 

0 

O 

o 

o 

o 

pH 

pH  c 

» o 

c 

» o 

o 

oo 

O 

o  o 

0 

l 

0 

0 

O 

O  O 

pH 

OO 

O 

O 

O 

o 

O 

O 

o 

O 

o 

pH 

O  *H 

0 

0 

0 

o 

O 

o 

O 

PM 

o  O 

O 

pH 

o  o 

o 

O 

OOO 

oo  o 

PH 

o 

00 

o 

H 

©  O'  IN 

t 

40 

4  i 

0  r- 

CD 

«0 

0  4) 

O  O  O  O 

o 

00 

19 

o 

-H 

o 

o 

IN 

o 

0 

o 

o 

o 

o 

o 

O  0 

888 

o 

0 

0 

O 

0 

88 

o 

o 

*8 

o 

o 

*H 

o 

0 

o 

IN 

0  IN  4 

►  0* 

IT  1 

in  o 

40 

4> 

-4  r- 

O  m  o  O 

o 

o 

«  0 

o 

o 

0 

mm4 

0 

*m4 

o 

o 

o 

o 

O  IN 

o 

m 

4 

m 

0 

o 

o 

o 

o 

•  •  • 

• 

• 

• 

• 

« 

•  •  • 

•  * 

• 

•  • 

• 

1 

•  • 

•  •  •  f 

• 

•  • 

• 

•  • 

• 

t 

• 

t 

• 

• 

• 

• 

• 

• 

•  • 

•  •  • 

• 

• 

• 

• 

• 

•  • 

t 

• 

•  t 

• 

• 

O'  ©in 

O' 

0 

4 

pH 

<M  40  © 

G 

i  m 

(M 

0* 

O  ' 

•O 

m 

4  Oh 

pH  m 

o 

IN  0 

m 

4 

O 

IN 

0 

0 

h» 

0 

<c 

o 

O  h- 

0  0  0 

IN 

0 

m 

0 

4 

4  O 

0 

4 

4  IN 

0 

o 

r* 

00 

© 

0 

in  0  in 

i 

N 

in 

4 

4  ON 

<N 

4 

•M 

m 

o 

0 

0 

0 

IN 

0 

0 

4 

1- 

o 

NH« 

o 

4 

m 

mi 

4 

IN  0 

o 

r- 

«H  IT* 

IN 

IN 

-H 

pH  0  4 

*o 

•H 

in 

mH 

0 

4 

0 

p4 

H 

4 

o 

0  IN  IN 

0 

0  0 

IN 

PH 

IN 

pH 

4 

IN 

m  m 

m 

IN 

IN 

pH 

IN 

*■4 

O 

UI 

p> 

UJ 

p- 

Ui 

p- 

b- 

Ui 

nr 

nj 

PM 

PM 

► 

a 

Z 

r> 

z 

Z 

z 

tf 

P- 

0 

£ 

V) 

PM 

M 

p- 

«/) 

14 

o 

0 

► 

>• 

0 

x 

o 

X 

4 

* 

o 

oc 

X 

z 

z 

K 

© 

0 

0 

4 

X 

> 

UI 

z 

u 

8 

7 

PM 

UI 

UJ 

o 

4 

4 

UJ 

4 

4 

>- 

0 

X 

0 

UI 

o  >. 

> 

PM 

4 

PM 

<- 

z 

► 

o 

4 

o  OC 

OC 

UI 

z 

*- 

X 

0  UI 

4 

X 

4 

X 

P- 

_J 

PM  ^ 

z 

o 

* 

V- 

4 

z 

i/l 

o 

h- 

OC  P* 

P- 

•j 

PM 

%/% 

X 

0  > 

r» 

i 

UI 

ta 

0 

»- 

> 

_J 

o 

V 

o 

t/l 

PM 

< 

► 

a 

40 

► 

>■ 

UJ 

>•  4  j 

Z 

*- 

X 

>- 

PM 

V)  • 

o 

X 

l/l 

X 

> 

Z  X 

0 

04 

:  oc 

UI 

OC  < 

oc 

oc 

p 

p 

vo 

© 

X  X 

> 

0 

0 

© 

z 

0  4 

o 

© 

Z 

X 

4  X 

0 

> 

* 

0 

So  8 
855 

5 

n 

0 

5 

© 

l/) 

PM  P- 

4  *- 

I/I 

4 

r 

p 

1  o 
>  ^ 

oc  1 

p?oc 

k-. 

n 

k 

|  ss 

in  >  > 
P  ^ 

s 

as 

n 

u 

n  © 
p>  p* 

l/l 

1/) 

>• 

1/1 

4 

X 

o 

8 

X 

Uf 

0  X 

4  Oj(k 

PH 

0 

X 

0 

4 

X 

Z 

4 

ol? 

a 

PM 

K 

O  0 
4  X 

V 

0 

0 

PH 

£ 

3 

UI 

z 

M 

4 

sf  bi 

z 

s 

!?-> 

1  UI 

Ui- 

t 

X 
U  I 

0. 

< 

oc 

2 

o  in 

i 

u  ui 
40 

4 

£ 

X 

UI 

5 

UJ 

0 

St 

UJ 

£ 

p*  ui 

s?4 

p  © 

J4Z 

£ 

UI 

X 

U 

X 

u 

s; 

•i 

a 

X  o 

-  0 

5 

X 

0 

X  UJ  UJ 

> 

x 

UI 

X 

PM 

z 

:  z 

I  <A 

p» : 

c 

UI  X 

X  UJ  UI 

PM 

OC  •-• 

x 

UI 

P- 

o 

o 

© 

> 

> 

X 

UJ  3  p 

X 

> 

ui 

-1 

-1 

UI 

-i 

©  0 

z 

X>  > 

4 

o 

-1 

4 

40 

►-  z 

4 

X 

18 

«C  , 

ZM 

PM  < 

« 

z  *- 

U.-UO 

u 

4  <A 

u/ 

X  X 

z 

P» 

PM 

4 

i- 

-1 

X 

4 

mU 

X 

©Z 

ZPK 

0 

> 

•U 

X  z 

Pm 

pi 

©*p 

0 

4 

2S8 

X 

z 

% 

0 

28 

X 

C 

O  1 

Si 

■«  . 

-» 

ui  X 

r  x  uj  ui 

UI 

O  Ui 

X 

34 

4 

4 

si 

u 

4 

PM 

X 

4 

4 

o  4 

4  U2 

© 

4 

UJ 

UI 

UI 

333 

o 

•JU 

3 

X 

i/» 

> 

0 

o 

u 

>o 

« - 

w< 

L) 

©  in 

>«*otoc 

DC 

COX 

K 

> 

0 

0 

4 

> 

o 

0 

> 

O 

W  X 

X  4  X 

0 

> 

-J 

0 

0 

u 

X  0 

<p 

►- 

4  M 

4 

O 

•4 

40 

W> 

•r 

IS 

r-  ■ 

88 

40  i 

a 

40  4 

4  KB  40 

M 

Nh 

pi 

3S 

4 

0 

0 

pH 

0 

0 

0 

0 

4 

h» 

4  ^ 

O  00 

0 

h- 

0 

0 

0 

O  0 

pH 

0 

2  4 

s 

0 

ass 

in 

o 

o 

•4 

IN 

HP 

»0 

Si 

Ni 

O  *■■ 

O  O  NO 

M 

m  pi 

M 

N 

PH 

PH 

IN 

pH 

o 

o 

IN 

O 

o 

pHO 

pH  pH  pH 

o 

IN 

N 

o 

o 

IN  6 

0 

o 

88 

pH 

0 

N 

•4 

0 

4 

0  0 

•4  «0 

W\  0 

O- 

» 

in  p4 

N  *h  oo  m 

m 

4  m 

0 

0>  « 

0 

h- 

N 

0 

m 

IN 

pH 

0 

pH 

0 

•H  0 

0  4  IN 

o 

4 

PH 

4 

IN 

0  in 

K 

0 

0 

0 

oo  o 

o 

O 

•4 

O 

o 

OOO 

o  o 

OOO 

O  - 

p 

O  H 

oh  o  O 

o 

o  o 

O 

O  O 

O 

o 

O 

O 

o 

pH 

pH 

o 

pH 

o 

OO 

OOO 

o 

o 

o 

o 

OOO 

o 

e  o 

o 

O 

O'  O'  O' 

0 

0 

4 

0 

O' 

00*0 

0*  0* 

0*  1 

0  0 

0  < 

0 

0  40 

0  40  0  0 

0 

0  0 

0 

0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

0  0  0 

0 

0 

0 

0 

0 

0  0  0 

0 

0  0 

0 

0 

KP  h 

0 

0 

0 

0 

0 

►  ► 

f* 

•  •*- 

*•1 

K  1 

P* 

►  P 

hhhh 

fp  K 

h- 

h»  h* 

h- 

K 

K 

K 

h* 

h* 

h» 

h“ 

h* 

h*  ^ 

KKh 

h- 

K 

K 

K 

h*  h 

fp 

h 

►  h 

h* 

K 

HHM«4Nrf4h>  h>hK  4  4  0  0  h* 

ia«4«4  *«  09  •  o*  0  0  0  0  O'  o  0  K 


o  it.  o  cr  h- 

8325  2 

- 0 88*  0 


0  V 

*  *« 

.... 

^  ^  ^  ^ 


o  o  o  o  0000  000001 
+  +  +++  +  +*4  +  ++  +  +* 

-  -  -~»»So'SSviSp' 


r- 

M 


r>  in 

•  s8 

SOW 

8So 

*  *  f>  »  e«* 
tt  OOOWM 


M'M  1 


<t  O  O  O 

*s*s 

M  W  WW 


Nnc«S 

Hrtj-Oll 

eS882 

_ss&& 

MNNNK 


|iSJR8 

•  err  «** 

SS8&S5 

4  a  4  0  0#n 

iiiiii 

IT  ©  IT 

**p*  rn***mm 


NNN 


5S 2SS? 

*  r  I*  «  «.  m 
JN.OO. 
Oh  f  r  w  ► 

«o  o  o  ee 

Hill! 

e  e  o  o  oo 
w  r  it  tr  if  ir 


lie 

*tSs 

•  0  0 


0  _  , 
•*©  4  m 
©•400 

o  o  o  o 
pireo 
ir  ««r 
4  4  4  if 


f  H'  O  f  i  •  I 

h*  h  r  <c«’i 

r  0  *  f-  o  0  ©  < 

0  0  PH  ©  «■  0  < 
4  4  M  If  0  If  0  1 


coo-ioeei 
o  o  o  oo  o  o  » 

SSSSSf  8! 

44000001 


•crrep 0 
4  K  ®  p-  «.  O' 
ipo«»«o 
iPOf 
I  0  ff\  -M  f*  |*  «v 
>  ®  O  O  •  H 

loeooco 

i  o  o  o  r  -  - 

r  r  r 

I  pM  pM  P*  P«  PM  PM 

I  ©  4  ♦  c  4  © 


888 


o-  o 

>0«# 


g  J^OfN,nA^N>4IA«h»<OlA^A^N^d1iA^>4hHOOOQ90k(9thN«^««4iAiAiA^-4#<^^<4 
Z  aO*44»0<AM^mNHHH«4*4<4^^  -4  -4  -*  »-*  -4  ^  -*  *^  •* 

Ui  ftl  ^ 

dg 

41  JO0«^00300Nrt'^0U0H00»ft!y0hO0^00000O3  0(n0O^!n0«000O0N3O'330 

a.  U.  M  (M 

K 
UI 

S^OOfnOOOOOOOOOOOO-400000000000000000000000000000000000 


V)  u 

M  gPOMiMOOOOOOOOOMOOOO 

X  + 


—  ©OOOOOOOOOOOO  —  OOOOOOOOOOOO  —  ©QOO  r\| 


5?  uO^N^i^DHOOcmoOO-tOOO^NN^OHNOnOO^^OmONOOOOiMOOrtOmHl 

z*  0-4 


X  < 

O  UiflC 

Z  J  M4  ZO 

o  n  ui  ^  •-»►. 

-  «  or  v  ju 

Ml  acvi  UI 


o  O  O  UJ 

Ml  Q.  4  7  2  _ 

«/»  X  K  *-  a  ~  *  T 

ui  uj  _j  >  o  jr  o  co 

at  M  K  O  «/>  UI  O  UJ  z  >  I-  4 

a.  v  >  v  z«  m  j  m-ui  mi  v  4u 

o  Ml  >0  >-  >  OO  4  M  u.  v>  O  3 

KZMIKOCMlU  or  Ml  Ml«<^  N  UJflCOf  4 


MM>4MM|llZMziFM444C04COs64j<XuZ|.PZZU44>«>CCO|.?4A4flCZ 

^lQ4tf>UltUljOXUIUJUI"|ZUIOZ0UIJ<Ullll4445wUJUUlcrQaZjZZ40UJ-»4uJ»il 

MIMl8K5M)ilt0Ml03l<U00®®-«®M|WO*«>Ml0®a3f0Ml4in0OM)^«^»-®O*l->M)0 


?&8"~ 


uieo>NO>a  o 
O  Q«B  0*4^4^ 
u.  0^4^404 
X  om  m  ^  *  r* 


h-  O'  a  O'  <r  « 


'?eii 

Bits; 

ElfS! 

virNi 


r  M  4  4  IT  4  I*'  h  N  O  « 

«  4  4  4  ©  -4  4-  O'  4  « 

JMrr 

■4  4^tN444NlM 
!‘44-»*Or44MM< 
>  m  in  o  4  r*  4  in  —  m  <m  < 
<4««e 

>Qeeoeeceoc< 

ikmmtii 

?•  4  4* 
ir  NN«  4  4  NM 


IhMT  < 
f  M  W  I 
I  4  4  o  « 
I  4  •  — « 
*  fV  U  I*  1 
>  4  I*  4  < 
•MM4< 

j  e  e  e  < 

>0004 

?e  ir  < 

-4  -4  1 

-»  4  4 


#NM 
©  m  4  < 

©  r  « 

r  4  m  4 

4  O  < 
wh  i  i 
4-401 
©  C  ©  4 
©  O  ©  « 


>oi4i^iroo«ir4  - 
4N4»44  444041 
I4444M4AOI4IV  < 
If4  KM04440C' 
'traNff  K«e»4P< 
^  M  ^  M  4  u*  M  f*  n  4  I 

iNN^r  —  o  -*  • 

eocooocooo* 

0C0000C0004 

?SR?SS?iS?! 

-4  4  0  4  0  4  4  C  r  •*« 

I  i  4  M  4  M  4  -4  ^  fv  4  • 


« v#v.  v.v .; ^ .a . •;  / .. ;. ^ • . v. 


8h  622SS8§RJp22«oooS?2<i?7£222SSJ8S§8§SJ8SS3?*roKo  — 


O  *4|AOl«1^irK  P4(T  ^O^ITMnN«  NMNO>90NirC«H»4  0N 
«m  «c ©  *  o  r>o~«  *-i  «m  m  •*  oi  m  *  m  o*  «*-«*)*•»  o 

*  *  *»m*  in  o 


PiO^h 


*•  «>  *  « <o  *  <o 


VI  »  ••  V*  V?  W  ^  ^  W  «•  VI  •  S  aJ  aJ  W  _J  M 

a  ui  _  u>  ut  <  vw  n  iu  *«  tuy  5  £  y 

o  g  >•  v  O  <  >  yUlLi-  n  Qg  h>U  xi  s  4m  «  o 

X  S  B  >•  M  M  O  HtS  <li  >^M  S  BXOX  IBM  O  U 

-  So  oo£  s  ES  3  58§2.;5*SS!2  o  ?8o?-u  SS  |<o&5;« 

I  22**2222*  *,  5«  «ja!2*55S»  5g«8o*u,"**§  5  "E a^u^SSE *£223* 

v  <ysx*«B>ai  >6juux>f>Mik>>,BjihDuijja>kjiurjx  »& ID  &  e  >  E  a  >~X  a.  s  act-  j 

4|.i.U|.4««Z«C  U«4>>ZZ4!u3K>.jg(3-Mkl>>.jNMUIll«<<0|.t><«&3J33(lM(S«Wha 

iu->  UJ  <  •  j  ku  vu  ui  a.  ->  «_|UJ*©«  —  jjBU'ti.uiuXaXDaiurfaiiinxiiijjjjuKBacoTa-iJUujuja 

OZ  (IhUlluVIl-  >3lvl«UhXUu2KI«WM«»IIIIIUh*3Bll^hMlXlOMZC>UUkia2<!nU 

©«4  NrtrtH-pONO"<-<NM58Hn-NOHOOxlVxNpOpN><eeONO-RNNOrtONO'<p-IM6««'NOH 
•>•*  4riXMNN>l4riMBNNC44nO»hN  »  r*  IM-4l<IAe#On4hl(l«MtNen^^l'>n«B^N*nOANNh' 

e»  aH-Hpo-»o«-oo*<ooao-eoMooooooo-<o«<ooooeoooaoo-oooooooop<oooo 


►  O  at  > 

U.  V  Ui  U  j 

<  «/>►  *  t-  a  4  t- 

z>  umm  a  a  ►  4  >  o  «• 

«/>i/»  —  4  tn  a  4  </t  ut  u.  u.  k  •»  3 

</>_><  v  c  owt  14  -i _i  w>  _i  a 

.,  ui  <  »- 1-  n  lu  4  4  tu  V  S4  T3  -3  >.  ^ 

>•>04  >  uuuu  >•  bc  t-  8  uj  II  a  4u  ce  a 

tn  v to  »(Z  4  it  ►  ►  t/t  E  at43X  Zac  i/>  o  o 

E3  3  “*»*  S882.:5fSS8  o  ?8a?-“  S2  *-e*giJ5.a 

p»  a  4  UJO.  £$2uo  ]>  otjaC  i  UJ 1/1  *  l/>  ►*  ‘1  1  J  J  Ui  J  J  Z  u  £**«8iu 

>9jiuiVKOZ>wz>.»tljr>-Ouijja>KJiiiZJZ  »*  ffi  E  ■>  >  E  a  •-  X  a.  a  ac  k  j 
'-^>»ZZ4lli3«»J«4-xW>>-ji.HUUI«4<OM.4«U9j33CMx64M»-a 


f-  aaasaNM 


ooaoaoaa<30oaooa9oooo3ooouoaoouooaoa-<0400Q 


oooooooeeeoeeeeeeoeooooooeooeooooeooeoooo 


o  oooooooooooooooooooooooooooooooooooooo 


0000000000000-40000-«00000000  —  0000— OOOOOO-i-. 


88888S8g88£888§§§§8888»K88SS!S!S;SSSS88§§gSS 
aJS5R*#‘»*S2“'8*832?S5S*8  -  2*2*5-- 

-4  -4  -4  fl>  444PO  «ON» 

l***N  <0  * 


t-  0“  O  t-  M  7  111  O  O 

-t  "  J  h3  3  ••  O  t-  *- 

5  *-  n  u»_i  *■  _i  e  _i  ar  u*  *  x  r  ki  <  ui  _i  ■# 

>  u<yxii  wi  Qln-Mooyj  UMU4  _i  _i  iu 

atiugcvto.  *n  3  <■»■»« m  >-  «  i- o  u.  3  a.  >  o 

at  tuafCwi  .  at  m  3t-  3  0  sum  z  >■  v 

o  jMh<«akn  »ziuzngMM<x  »-►«►-*  iu  _  n « 

u  Box  oBSh  OMBhDOax'X  _  K4  IU  u  K  19  U  OOCWM 

<  o  a  >■  Z|-<  wi<UMU  X  X  w  111  X  X  III  Ui  .O  ZOyZZZ<< 
ja  uwcuaoaj  -j—  a  .kumuzuuuiii  jiij  ui»f  ?»»». 

30  >Ou  31  aSSwiar  _i®  JZWZ  if  *«•*.  ».  i-  _i  _i*  06  x  >  x  at  ar  «  x  x  n»  ui 
uJjuuuiuBNsaaiwutaauoxuaaaaaacZuuiiixaaaaw 

SSoZSZiiSXSSiXSSZSSZZSSXZSSSiStislZSZSZZSiSZZS 

&S82S2aS*!52222S8a2Sa2S2*2SSS**SSS2ag2S2S8 

«xfl«a*aN4»  uaNANaKiaaaaauaaaNaaaoMnoh 
ooessBoooexeoeeooeoeooxeeoHooexeeHoasxxoe 
n«  N»»a»»taa»»a»»»*»»aaa»v»a»»re»»a»»ffcaa» 

KXh-xM  i~i^4-r-Ki~r-i-i~i-r~K 


nulMUMNNNN  f-KUOM-NNIMNOINh*  IN  «M  «M  «« 

«n«  a>  a»  *•  a  a- a>  ♦  *'#M:i£a*a-a4a-a-a-*o  aaa 

aaUNMNNNM  aar«»P«llllNNMNa»  IN  IN  IN  <?IN*il«INfNirlNII'INir 

aM-a  aa  uuuruMauaaaaua  a-  a-  a-  «  -4  m  -<  —  a-  a-  -«  a-  a-  -4 

naaaaaaaa  aaaaaaaKaaaaaf  a-a-a-  aaoaaaaaaaaa 


a  wa  ui 


44^4  a-  -a  o 4  i  m  in  <a  a  m  i»i  4  *•  ia  ux  a  -4 a  in  -4 in  m 

o  « nao  SNO.HC  ouuOQxaoeN  ONHitp  oxion  m 

—  o  o  in  in  SaoaoooOHOaSoaeaa  a4*af  N4C»««a04 

S4.44  t«oa»ataooaupaKMi  ir  in  —  o  e  naaomaaxa 

a«>iiiawiur>ireoQNOaanuN4i«ua  NnraaoaaaNaoaeaN 

&2i3?iSic?i*iS325$m$8;;  3  5ZSS822S!*  585  83  8 

a4ft«M<Xa4P«4ptfp>NNOONiNiXNHPriia(^(ri 

r^a4a4*riHa4H^HNK(Mp«N^^HlMa4NHNr  M  »l  4  I  t  N  ft  #»  f 


m  r  is*  e  1 
m  cr  m  m  < 


c  op© 

R  R  8  R 

r  *  *__* 


m  m  «  ^ 

•  r>  0  e-  o 
'0  0*0* 
»  O  IT  ir 

iSSSS 

‘ee-o 

©coo 

:|8SS 

tv  V  Mf) 


*  *  C  *  o 
r  f*  «r  ^  m 

H  K  V  4 

*  tr  r  *  o 
«  «r  <>  <m  * 
MNreo 
O  *  Q  -* 
C  C  O  O  © 
C  O  O  c  o 
O  O  O  o  c 
m*  m  **  **  ft 
M  ■«  Hh  h 

^  «*  *  «r 


TOTAL  330  18  3  5a  33* 


<9  w  -v  *-.  ^ 


o>  u 

i»yaM\»AM^rthiAN#NNn«NA^inHMNNp4NNn«rf« 

t5-"1  ^ 


!.4«4m«4rt<4.4NN^N>4^*4Mp«»4«4HrtNN 


S  WN4«^9#h^N<4N«O^'4OOO9»«»0<V«iANlA'MiA<«)#i1in#AN«)NN(n<n^^NHNlVNHN 

01  H  ^ 

M 

S  JO«^00«4  00  9g09»40000000HOOinOO'n9^9«i00900000HOOOOOOOOOOO 
a  u.  «4 
K 
Ul 

VofMeooo^oeiMOMOoeooeoooepoooooooooo-ooo^oooooooo^ooooo 

A.  *• 

« 

m  uriKiooo^eooNONeoeooeooeeoxooooNoeoNOooooHOoooooeooooo 


If 

zs  a  — 


i^WrtOO-OHOOO'-O-'tKOO^OO-rtWO-NOOOOOON-OHO-NO 


§88?888228888R*8888S8a§S2S8888?88i*3!SS:8Sa28?§*2S8P8 


* 

*  _ . 

OlU 


M«0  4  N  P  *  P  •  MO  4D  •  p-  M*  f*  Nh  •  «  lf>  M  O'  O  •  N  O  ®  *f»  O  »n 

GSP  5lU2"*S33S**2R*2"** 8"  P228  RP 


£m’4'**Kth>««  «*«•** 

P  N  ifl  W  H 


Ul  </» 

0C  O 

D 

OK  ► 

M<  O 


*■ 

X 


K  Oo 


JO  V) 
UiU»4 

z  z 

s« 
i  _ 

m  «j 


a  cl 

o  </i  Si  z  wt  g  o  a 

7NMKOO  M  >  K  a 

<-4-111  O'  •->->-  K  ui  >  Ul 

.  _i  flf  OC  MMMUaCMtettt 
rfcxftOKwMMUUMoao 
- -  -)►“«< 


ui 

o 

«  < 

£a < 

:  4 

•  3  £ 
K  ►-  O 
t-  UM 


s: 


X 

UK 

Eg 


III  M  K  (fctfaOXMUWUUMOBC  .  uum  „**oon*>i»ill 

SOP  sue  *-0»*4l<3  «f-9UO  m4M»>VO  M-K4UwO 

|iZ(.  it  aSx««x  Ox  ;«<zii,“ijzu«<;yu_«z 

Z  (UU  O  UU  utZZMUUJ  J  U»UgO«S~  Jfl^KS  ° ...  “ 
a:i-J>KK<-IIZ><»Z».>3L>-«KZ>t.|l  U  J  «  “  Ul  Z  l/>  >  Ul  f.  , 

-  -  — - —  -r  «•  «i  0  ~  — - —  . . * - - 


o 

OC  < 

gal 

£« 

_lO 


X 

u 


-  o 

U.  X  ~  >■ 

“  O  «_  in 

ju  ui  </> 

a.  «  _  z  4 

X  jO  o  >■ 


OUmOh  o ui  z  ui  i/i 

Z  UIZ4XXKZX  4  < 

-o«-*uuo«w  ui  0 

OUXIl«4uB4<4«ujStO<«4«IUUIII&eZZ<«llll-4u<«t9Zu»CsOU<KM 
iuc4iiuiiii‘«z«i«zx«'«4iunZw't«uiB04nk'XwouiiuDHiunwuiq5iii4iiiiccsKa.g 
38ounuBMMOhUUuvi>KKHZui'MU  j^U'EuouMuI^MZBnoXouMMUuCaiiii 


l 


a  u. 


8? 


KKKKKKKKKKKKKKKKKKKKKKKK*  KKKKKKKKKKKh  KKKK 


f  um 
#88- 


M4a»unmnNM4iiiHO 

l-HI(l4n«KI4N(MNHH^H 


oooooo‘n4  4a'niiMMn44444nminiiimmmiiinNNiMiMNi 


ui»»»n»v »»«»»»  •'PJ '♦£1215 

U6fl»»h00  04DO»0»»40UO»»N0044e»tV»Q0^4P40H040 

|LB4l!i4a4  4  4  00  44  4(4  04  4  4  04<0  4nOon04  4  0:4C*iviiioiii4i|i4  ♦«404404't 
(UI<HhriM<r<»«hh  M<h-OM<hOh'efi>h'>iB4Me^h«KNx4M4  0r->ih  r>enKm£h-Mt*-£ 


M 


m 


»*»•.** 

:<;■>;.* 
» •  •  '  ■„**> 


’  ■  ,i«M 


•yV\.‘ 

V  *> 


fwSSjW 


aoooooaeo9i>e<4  0ooaooo9090oooouoo9oooo999oeoo90  9 

ooooo**oooooooooooooo©ooooooeooooooeooooooo«*ooo 

oeoeeeeeoexoeeooeeoeooxooeoeoooeoooeoooooooooo 


OHOrtririMOOMrtriririO^ooooo^^aooeoooo^ooo^ooHooooooo 

2*8je»3S8SX»&82S88288888S8S8888g£:g883!gS885S*55 

•INN9  9<9nr>  —  M999lM^9NI9N«Ne»9IMA«N«ACKNIMII«9MN» 

nh  n  m  )  Mnm  »  m  -i  *>  o  «  m  <m  «  «  *  «<  ♦  r-  *  h'm  —  *  •  *  «•*« 

*»  — «  m  m  •  5  o  inm«9w  -< * m  <o  *t*\  -* 

N  *  N  K  eh  —  (M 


:at  ^8, 


5  £ 


Ul  Ul  *  K  *  O 

»  a  o  o  »- 

J  OM>«M4<  V  ► 

4  «9  Irt  1/1  k-  y  »-  U  _l  _l  IA  K 

>  wSimuiu  *■*  o  a  m>-o 

X  4UIVIK  OH  &  Iflh 


UZ-J-J  J  lilU  «MM«aiO~»  MO«  -l>-ttl  SJOKC  JU4J  >Wll||UUWk> 
WIII9Mi.cSOC|.  ^«4^{x4«Zh9H4«iai«3>klllll  llEl(IOlLah^«4 
MM9499Z«9b|.UOUU{0444Ml.U>94ZjB(!cil|w(C4X>»N(JJ 

fi8£858258832SS2S£S8fJ5S5Si^2585(SS?S£tf  28^82 
^222S22S28S«5S882SS828!58SSg&aS28S22828£82SS2gS 

9>i^NttM>»NnNeir«ir^ivir4ciMniN0NNmmMN4^o^9^Nir^o»^4in«M<# 
OOOOOOOOO-*  *4  00  0  0  000  0  000000000000~«00  *4*400-400000-40 


TOTAL  934  84  19  12  48  832  191 


IjppSSCSEESSI 


mSSSS^SES!!B^S^3eaBESX!^^J7?T^^tZwrrZ  ■'-  ^--T. 


I 


»  o 

KVO«  «Ni 

►  o« 


S  14^^^ 


JOOaOOOO*4OOOOQ09QOOOgOO9OOVIOOQQoaOQQQO 

Ift. 


r o  o  o  o  o  o  o ©  o  oooooooooooooooo^ooooooooooo 


3  o 


M  oOOOOOOOOOOOOOOOOOO  o  o  o  oooooodooooooooo 


5?  *4hMO««OOONHOOp400«4 

st  5^ 


p4N000000*<0Oh»4m«4O00O0 


?SSi;SS8SSS8S2S?i;SSS»SSSS:SS8S$S^SS88»S 

••••••••#  #  •  i  •♦•••••••••♦••••  t  •••••••  • 

3n8Sl3  «.«3$x 2S2"'S 

4,  y  Ift  ft  N  4  4  ft 


ir0>O«N  4  (hft4N04ftft 
*#  «  *  O  N  C  A  4  $ 


m  fti  in 


0»0Nh« 

***  «r,wP 


8 

OK 


fid  8 


o 

8 

&>> 


vnr 

O  K  5 


x  « 

Otti« 
rui 
►  j&K 

VtOM 


e 

-i 

s! 


K  flC  t  O 

Suj  o<ur 
K  *  K  Of 


Ul 

9 

O 


ac 

lu 


*-*i«a2V 

kK^Soi 

*-  <o  Z< 

30  Z  >  ~  « 
«p40 

soojz»-i 


* 

I-* 

X 


V  ui  Ui  VI  <14 

SmSu8«S 

„ _ _ _  _  _  ,  ._  _ .aS3£>.u!> 

»i*jiip«(«hiyi36<»qS><nN**««2ui.<Duggjpn< 
MUinaft  nII>WILW»(OwOU  J»-UmQC  jz^^sSmucvC^h 


i-«ono->o-i-nn)!i«inhh-n(<i2oo5nopon--n-.-<oon--<- 
*uv> 3 xo  oa  m  »  a  »  «  «o  «  xb- q b~  r>  b- b-  -<NMHONon»B-<^»nN 

fetfupNHOooeeoOHOoeieeoeooeeHee^rfMeee^eooo 

Ou.©B*-r-B-B~»-B'*-f-B-B~BB-f~B-*-B-B-B'B-B-B-B'B-B-B'B~B-B-B-B-B'B-B-B-B.B- 


i*S' 


BBO^BSMamtSNBABSB  bnb  i*  a  a  b>  a  a  a  ■#  *  aa  ©aB- 

•3  fi  ov  m  p  o*  xe>xa  *o  a  x  »v  ©  bnb  »0>o>££&*<*«  l*  o*b 

BCBBBBSKBBBBBrtBBBB  — I  a  X  0»e»t>'50  O  B«<  NrtB 


tCBBBBaKCVBBBriBBBB  X  V  .  - - -  _  _  _  - -  _  ..  ._ 

u  a  *  x  a  ©  b-  ova  eo  e»  o  o  a  eve  roooooo**  «e  ►  Ob 
»owB-aB>a*B‘OoeB-B-v  ooo  «KBKBB««a  or  - 


BOB 


a 

fs 

#*>  «r  m 

K 

**>  F*  *  ¥> 

N  t 

ft  IT  -4  M 

If!  O 

n0m009  •* 

nt  ob  t  ox  «  4  -»» -h  b*  m  o  - 1  n 

NmVN«B  4  0ltn0xN«O«N0(B4O4N 

x  x  x  a  x  e  orr.«oeoxBONNfiMNOio 


